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newborn infant at the time of delivery and a year 
later. All the clinical and epidemiologic data were 


NEW YORK CITY 
PREGNANCY has long been considered one of the paralysis, marital status and evidence of pregnancy at 
host factors disposing to the occurrence of polio- the time of the attack of poliomyelitis. Those who 
myelitis. An increase in susceptibility has been ob- were pregnant at the onset of poliomyelitis were fur- 
served in animal studies, clinical case reports and ther followed for information on the condition of the 
surveys of both hospitalized cases and population 

groupe” Curent, however, the valuiy of sn 
association between pregnancy and poliomyelitis has obtained by experienced diagnosticians of the Bureau 
been questioned as a result of recent investigations of of Preventable Diseases of the Department of Health. 
population groups in which no significant increase in The investigation was necessarily limited to females 
incidence and mortality could be demonstrated.*** fifteen to forty-four years of age, a group encom- 
Because of the conflicting evidence and the need for passing the childbearing period responsible for 99.8 
additional data on a community-wide basis, the sus- per cent of all births. The population at risk was 
ceptibility of the host during pregnancy was investi- determined from data obtained in the 1950 census, 
gated. Three aspects of the problem were considered: and the annual number of reported live births and 
the incidence and severity of clinical infection, and fetal deaths. The incomplete reporting of fetal 
the effect on the fetus and newborn infant. In the deaths required correction. The degree of under- 
present report, the plan of study and the data on reporting in New York City was found to vary from 
incidence and clinical severity are presented. 67 per cent in the first trimester to 34 per cent in 
the second and 14 per cent in the third.** Correction 
Metnop or Strupy on this basis doubled the reported number of fetal 
deaths, making the adjusted figure 200 1000 live 
The study was based on reported cases of polio- births. The sdjusted ratio napthod rol range of 
myelitis occurring in New York City from 1949 to expectancy based on confidential histories of women 
1953, inclusive. The cases reported during the five- attending birth-control clinics in New York City.**** 
year period were seen within a week of notification The duration of gestation and the number of preg- 
by a diagnostician for the confirmation of clinical pancies were considered in the calculation of inci- 
diagnosis and the collection of epidemiologic data. dence on an annual basis. We carried this out by 
The diagnosis of poliomyelitis was based on the pres- converting the number of live births and fetal deaths 
acute onset, with fever; stiff neck or back; increased multiplying the number reported by their respective 
white-cell count in the spinal fluid; increased protein weeks of gestation and dividing the sum by 52. These 
in the spinal fluid; and flaccid paralysis. About 20 calculations were made for each of the maternal age 
to 25 per cent of reported illnesses failed to meet groups. The sum of the respective totals in each age 
these minimal diagnostic criteria and were excluded group gave the number of person years of gestation 
from the study. between fifteen and forty-four years of age, inclusive. 
Patients in the childbearing age were again visited These totals represent estimates of the number of 
within three or four months for additional data on women pregnant in the general population during the 
Department of Envirgnmental Medicine and Community period of and as the 
niversity . of Medicine at in calculation of the age-specific annual incidence 
Preven of poliomyelitis during pregnancy. We determined 
Sulte University of New York College of Medicine at New York City. the nonpregnant female population by subtracting the 
tAmistant profesor of epidemiology, Columbia University College of foregoing totals from the female census population 

York City Department of Health. for 1950. 


RESULTS 
Population at Risk 
A summary of the number of women pregnant 
during the five-year period of study is given in Table 
1 by maternal age, number of pregnancies and person 
years of gestation. A total of 886,227 live births and 


Number of Partu by Age, New 


Tasie |. Women 
York City, 1949-1933 Inclusive. 


Torats Peason Yeans or 
Gestation 


USTED 
NO. 


$4,518 39,081( 5.6%) 
265,455 192,863( 28.1%) 
313,976 225.959( 32.9%) 
204,222 142,708( 20.8%) 
101,965 70,727( 10.4%) 

14,949 2.3%) 
799,900 86,247 164,218 886,227 964,198 686,287( 100.0%) 


fetal deaths were reported in age groups fifteen to 
forty-four from 1949 to 1953, inclusive. Adjustment 


ber was 686,287, or 77.4 per cent, of the total number 
of pregnancies reported in five years. On an annual 
basis, the average number of person years of gestation 
was about 137,000. This figure, which represents an 
estimate of the average number of women pregnant 
at any one time, comprised about 7 per cent of the 
general female population fifteen to forty-four years 
of age. About 61 per cent of the women pregnant 
were twenty to twenty-nine, and 31 per cent thirty to 
thirty-nine years of age. The remaining 8 per cent 
were in the age groups fifteen to nineteen and forty 
to forty-four. About 0.2 per cent of all reported preg- 
nancies occurred in persons under fifteen years of age 
or forty-five years and over and were excluded from 
the study. 

A summary of the female population of childbear- 
ing age by pregnancy status and age during the period 
of study is given in Table 2. The nonpregnant group 
showed a more even age distribution than the preg- 
nant, with a high percentage of persons in every age 
period. Differences in age distribution were adjusted 
by use of standardized rates, age-specific rates or ex- 
pected values based on rates in the general female 
population. 

Age-Specific Incidence Rates 


During the five-year period of study, a total of 643 
cases of poliomyelitis were reported in females fifteen 
to forty-four years of age for an average annual inci- 
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The distribution of the 
cases reported by pregnancy status, clinical type and 
age are summarized in Table 3. The annual crude 
incidence of poliomyelitis in pregnant women was 
12.7 per 100,000 person years of gestation, in contrast 
to an incidence of 6.1 for nonpregnant females. The 
crude rates exaggerate the extent of the increase in 
the pregnant group because of its population distribu- 
tion, as already noted. When this factor is considered, 
as in a comparison of observed and expected values, 
the increase in incidence during pregnancy is reduced 
considerably. Thus, the observed number of cases in 
pregnant women was 87 whereas the expected num- 
ber was 54.8, a difference of 32.2 cases, or 58.8 per 
cent more than expected. This increase for all clinical 
types of cases was considered statistically significant.* 
The percentage increase in the number of cases dur- 
ing pregnancy was approximately the same for para- 
lytic and nonparalytic types of poliomyelitis(Table 4) . 

The increase in incidence observed during preg- 
nancy varied considerably with maternal age, as 
shown by the age-specific rates for pregnant and non- 
pregnant women given in Table 3. This result may 
be seen more clearly in Figure 1, which shows graph- 
ically the age-specific incidence of all clinical cases 
and of paralytic cases in pregnant and nonpregnant 
groups. The rates were consistently higher in pregnant 
women than in the nonpregnant. wali 
= New York City City, 9949-1959 


Aor Person Years 
TOTALS PREGNANT NONPREGNANT 
GrouP GrouP 

yr. 
15-19 1,201,000( 12.4%) 39,000( 5.7%)  1,162,000( 12.9%) 
20-24 16.4%)  193,000( 28.19%) 1,406,000( 15.5%) 
25-29 18.0%)  226,000( 32.99%) 1,533,000( 17.0%) 
30-34 11,710,000 17.6%)  143,000( 20.89%)  1,567,000( 17.3%) 
35-39 1,795,000( 18.5%)  71,000( 10.3%)  1,724,000( 19.1%) 
0-441, 664,000 17.1%) 15,000( 2.2%)  1,649,000( 18.2%) 
Totals 9,728,000( 100.0%) 687,000(100.0%)  9,041,000( 100.0%) 


incidence declined less sharply with age in the preg- 
nant group. As a result, the relative difference in 
rates between pregnant and nonpregnant groups in- 
creased with age from fifteen to thirty-nine years. 

was too low and the number of pregnancies too few 
for comparative study. 


Relation to Previous Live Births 


The relative increase in incidence of poliomyelitis 
with maternal age, discussed above, posed the ques- 
tion whether age alone or some factor associated with 
age caused the increase. One of these factors is the 
number of children in the household, since this, too, 
coy Brobability of less than 0.05 was considered significant in the pres- 


842 
yr. 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
Totals 
for under-reporting of fetal deaths raised the total 
number of pregnancies to 964,198, or a little less than 
200,000 per year. This was converted to person years 
of gestation as indicated above. The estimated num- 
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varies with maternal age, and since clinical infection po For all clinical 


is usually associated with children. 
A direct comparison of incidence rates for polio- 
myelitis in pregnant and nonpregnant women by 


cases, the standardized rates in pregnant women with 


live births were two to four times greater 


previous 
than the rate observed in women without previous 


Taste 3. Average Annual Incidence of Poliomyelitis in F emales _ teen to Forty-four Years of by Pregnancy Status 
and Age, New | York City, 1949-1953. ~ 


Ace T A ANN Rate 


Totar Averace ANNUAL Rate PER Toran 
100,000 Penson Years tn 
Precnant Gaoup 


Gaour 


family size and age could not be made because no 
statistics are available for such distribution in the 
general population. An approach to the problem pre- 
sented itself through the use of data on the number 
of previous live births in the total pregnant popula- 
tion at risk and in those in whom poliomyelitis devel- 
oped during pregnancy. With these facts it was 
possible to compare the rates in the pregnant women 
with and without previous live births. These are sub- 
divided into three groups: patients with no previous 
live births; those with 1; and those with 2 or more. 
The results observed in pregnant women according 
to the number of previous live births are summarized 
Taste 4. Distribution of Paralytic and Nonparalytic Cases. 


Tyre or Cases Incngase in Cases 
Case Expecrep 

Paralytic 40.2 

Nonparalytic 14.6 
Totals 48 


23.8 (59.2%) 
8.4 (57.5%) 
32.2 (58.8%) 


in Table 5 for paralytic and nonparalytic cases. To 
allow for differences in age distribution of the preg- 
nant population grouped by previous live births, 
standardized rates were calculated on the basis of a 
standard population of married women in New York 


live births. These differences were somewhat more 
marked for paralytic cases than for nonparalytic cases. 
The differences were consistent for all ages combined 
and for each age group considered separately. Thus, 


PARALYTIC CASES ONLY ALL CLINICAL CASES 


$ 


Pregnant Women 
@----@ Nonpregnent Weeen 


RATE PER 100,000 PERSON-YEARS 


J 
1S-19 20-29 30-39 


“15-19 20-29 30-39 
AGE 


Ficure 1. Aver Annual Incidence of Poliomyelitis in 
Pregnant and Nenpre ar Women by Age, New York 


1949-1953. 
the differences in rates associated with previous live 
births was independent of maternal age. 
From the foregoing data, it seems clear that the 
relative increase in i observed in pregnant 


843 
IN EARS N 
) PERSON YEARS CASES RATE PERSON YEARS CASES RATE PERSON YEARS CASES RATE 
yr. 
All clinical cases: 
15-19 1,201,000 190 15.8 39,000 7 17.9 1,162,000 183 15.7 
20-24 1,599,000 154 9.6 193,000 23 11.9 1,406,000 131 9.3 
25-29 1,759,000 169 96 226,000 38 16.8 1,533,000 131 8.5 
30-34 1,710,000 79 4.6 143,000 14 98 1,567,000 63 4.1 
35-39 1,795,000 38 2.1 71,000 5 71 1,724,000 33 1.9 
40-44 1,664,000 13 0.8 15,000 0 0.0 1,649,000 13 0.8 
Totals 9,728,000 643 687,000 87 9,041,000 556 
Averages 6.6 12.7 6.1 
Paralytic cases only: 
15-19 1,201,000 133 11.1 39,000 b 15.3 1,162,000 127 10.9 
20-24 1,599,000 110 6.9 193,000 13 6.7 1,406,000 97 6.9 
25-29 1,759,000 126 7.2 226 ,000 30 13.3 1,533,000 96 6.3 
30-34 1,710,000 63 4.7 143,000 11 7.7 1,567,000 $2 33 
35-39 1,795,000 25 1.4 71,000 4 5.7 1,724,000 21 1.2 
40-44 1,664,000 7 0.4 15,000 0 0.0 1,649,000 7 0.4 
Totals 9,728,000 464 687,000 64 9,041,000 400 
Averages 4.8 9.3 4.4 
20 
» 
| 
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women depended on the proportion of such persons Relation to Gestational Period 
with previous live births. In young married women There also appeared to be a relation between the 
fifteen to twenty-four years of age, 60 to 75 per cent occurrence of poliomyelitis in pregnancy and the 


period of gestation. This can be seen from the data 
summarized in Table 6 by calendar month of gesta- 
tion at time of onset of symptoms of poliomyelitis. 


Taste 5. Average Annual Incidence of Poliomyelitis 100,000 Person Years in Pregnant Women Accor to Num- 
ber of ious Live Births, New York City, 1949-1953. bh: 


None 268,000 19 7.1 3.0 13 4.9 1.7 6 2.2 1.3 
One 234,000 47 2.1 12.8 35 15.0 =: 10.0 12 5.1 2.8 
Two or more 184,000 21 11.4 9.1 16 8.7 7.0 5 2.7 2.1 
Averages 12.7 8.7 93 «6.5 2.1 
*Standardized against population of married women of New York City in 1950. 
tion in each group varied with age and The number of cases observed varied with the 
month of gestation. Most of the cases, paralytic as 
scribed. well as nonparalytic, had their onset between the 


The results described above were directly related to 
the presence or absence of children in the household. 
As expected, there was close similarity between the 
number of children under eighteen years of age in 


Tasie 6. Average Incidence of 
ree Years in Pre t Women 
Time of Onset of Disease, New 


100,000 
Month of Gestation 
ork City, 1949-1953. 


“— Aur 
Cases Cases Cases 
NO.OF RATE NO.OF RATE NO.OF RATE 
CASES CASES CASES 
1 82,100 2 2.4 2 2.4 0 0.0 
2 82,100 6 7.3 4 4.9 2 2.4 
3 82,100 2 862268 4 WA 8 9.7 
4 74,300 4 188 il 14.8 3 4.0 
5 74,300 15 20.2 9 12.1 6 8.1 
6 74,300 6 8.1 5 6.7 1 1.3 
7 72,300 7 9.7 4 5.5 3 4.2 
8 72,300 6 8.3 6 8.3 0 0.0 
9 72,300 9 124 9 124 0 0.0 
Totals 686,100 87 23 
Averages 12.7 9.3 3.4 


the households and the number of previous live births. 
These were exactly alike in 79 per cent of the families. 
In the others, 14 per cent had more, and 7 per cent 
fewer children in the household than the number of 
previous live births. The results observed in preg- 
nancy appeared to be related, therefore, either to 
household contact with the children or to other factors 
associated with their presence. 


| EN me 


234838 7 @ @ 2 


MONTH OF ecstation 
Incidence of Poliomyelitis in ye 


by Month of pa New York City, 1 


for the trimesters, as given below under 
of The data on inci- 
dence by month of gestation are shown graphically in 
Figure 2, and are compared with the expected rates 
based on the age-specific incidence in the total female 
population fifteen to forty-four years old. The curve 
for paralytic cases shows a biphasic trend, with a high 
level in the third, fourth and fifth months and a sec- 


67 86 


Women 
9-1953. 


ol the pregnancies occu without previous live 
births. In older women, the preponderant number 
had one or more previous live births.*° The propor- 
third and fifth months of pregnancy. In this three- 
month period, 74 per cent of the nonparalytic, and 
33 per cent of the paralytic cases occurred. There 
were a total of 51 cases (59 per cent) in these three 
months, or an average of 17 cases per month, as 
against 6 to 8 cases in each of the other months with 
We converted the cases occurring in each month of 
pregnancy into an incidence rate by dividing by the 
estimated pregnant population at risk in each month 
of gestation (Table 6). This was roughly equal to a 
third of the total person years of gestation estimated 
\/ 
F 
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ondary rise in the last two months. When paralytic 
and nonparalytic cases were combined only the ele- 
vated incidences from the third to the fifth month 
were apparent. 

From the foregoing data it appears that pregnant 
women were most susceptible to the occurrence of 
clinical infections toward the end of the first trimester 
and the beginning of the second. At other times there 
was no evidence of an increase in susceptibility, with 
the possible exception of a rise in the eighth and 
ninth months. 

Severity of Clinical Infection 


In the analysis of clinical severity that follows, the 


The proportion of nonparalytic and spinal paralytic 
cases occurring in each trimester varied, the former 
decreasing with progression of gestation, and the latter 
increasing. On the other hand, the bulbar cases were 
fairly evenly distributed by trimester. At all times 
they constituted less than 10 per cent of the cases in 
contrast to a frequency of 21.5 per cent for all females 
fifteen to forty-four years of age. On the basis of the 
population at risk, the incidence of bulbar polio- 
myelitis in the pregnant group was 1.2, whereas the 
expected rate was 1.7 per 100,000 person years. 

There also appeared to be a relation between gesta- 
tion period and mortality (Table 8). There were only 
2 deaths, a case mortality of 3.1 per cent and a 


Tasie 7. Clinical Types of Poliomyelitis Observed during 
Pregnancy. 


Paratytic Bursar Paratytic 
Cases Cases 


Gaour 
Pregnant females 
Ist trimester 10 (33.3%) 
2d trimester 10 (28.6%) 


3d trimester 3 (13.6%) 


23 (26.4%) 
179 (27.8%) 


(56.7%) 
(62.9% ) 
(77.3%) 


(64.4%) 
(50.7%) 


(10.0% ) 
( 8.6%) 
( 9.19%) 


( 9.2%) 
(21.5%) 


Totals 


mortality of 0.3 per 100,000 person years of preg- 
nancy. This can be compared with a case mortality 
of 14.9 per cent and a mortality of 0.7 per 100,000 
person years in all females of age. Both 
deaths occurred in the last trimester, in which the 
case mortality was 10.5 per cent. The patients 
died manifested clinical symptoms in the eighth 
ninth months respectively and were the only 
with bulbar paralysis in the last trimester. 


Discussion 


An attempt has been made to measure the inci- 
dence and severity of poliomyelitis in pregnancy. Two 


ts who 
and 
ones 
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host factors were considered: maternal age and gesta- 
tional period. The study was a prospective investiga- 
tion that began during the epidemic of 1949, when 
New York City experienced its third largest outbreak, 
and continued through four succeeding nonepidemic 
years. It involved a large population of women of 
childbearing age, most of whom were born in New 
York City and remained under crowded urban condi- 
tions where poliomyelitis recurred each summer and 
fall with varying force. 

The results obtained indicate an increased inci- 
dence of poliomyelitis of about 60 per cent in women 
Taste 8. Distribution of According to 

Trimester of Pr 


(15 fay 


Averages 14.9 0.7 


who are pregnant. The difference in attack rates 
between pregnant and nonpregnant women rose pro- 
gressively with age, and became quite marked between 
twenty-five and thirty-nine years of age. 

The incidence of poliomyelitis in pregnancy and its 
relation to maternal age have not been thoroughly 
explored in the past because of the difficulty of obtain- 
ing sufficient data. The low incidence of poliomyelitis 
in the age groups at risk makes it necessary to plan 
large-scale or long-term community-wide studies to 
obtain the data required. Since the present study 
appears to be the first such large-scale prospective 
investigation to be reported, the results on 
rates are not directly comparable with those of other 
workers. In one study, reference was made to an 
unpublished investigation in which the occurrence 
of poliomyelitis in pregnancy was not significantly 
greater than that of nonpregnant females in the same 
age groups.** However, no specific rates were given. 
In another study, the percentage of adult females 
with poliomyelitis who were pregnant at the onset of 
illness decreased with age, but age-specific rates for 
pregnant and nonpregnant women were not given."* 

The relative increase in incidence with maternal 
age noted in the present study indicated that the 
results observed during pregnancy were not attribut- 
able to pregnancy alone. In the search for an expla- 
nation, other factors that varied with maternal age 
and might influence the results were considered. 
When the data were analyzed by the number of pre- 


845 
spinal and bulbar or bulbospinal (bulbar) . A sum- Group Person Paratytic Deatrus Case Moarat- 
mary of the distribution of the 87 cases observed vous = Gas — 
during pregnancy by clinical type and trimester is Prason 
R. 
% 
Ist trimester 246,000 20 0 0.0 0.0 
2d trimester 223,000 25 0 0.0 0.0 
3d trimester 217,000 19 2 10.5 0.9 
Totals 686,000 64 2 
Averages 3.1 0.3 
17 3 
17 2 


vious live births in parturient women, the incidence 
of poliomyelitis was found to be about three or four 
times greater in those with previous live births than 
in those without previous live births. Since the older 
pregnant women had more previous live births, the 
increased incidence varied also with age. 

The number of previous live births is correlated 
with the number of children in the household. There 
was apparently a direct association between the inci- 
dence of poliomyelitis in pregnancy and the presence 
of children in the household. Just how this relation 
affects incidence is speculative. During the poli 
myelitis season, children are readily infected and form 
a rich reservoir of virus. However, host factors cannot 
be excluded in the development of the paralytic 
syndrome. 

The differences reported by various investigators 
obviously reflect variations in conditions that modify 
the outcome. The importance of this was shown in 
the foregoing analysis of the results by previous live 
births. Furthermore, since early pregnancy may be 
overlooked, all females in the childbearing age must 
be followed for several months after onset of disease 
for change in menses and evidence of pregnancy. In 
the present study, such an investigation increased the 
number of reported cases in pregnant women by 10 
to 20 per cent each year. An increase of this magni- 
tude assumes considerable importance when the dif- 
ferences between pregnant and nonpregnant groups 
are not marked or on the borderline of statistical 


The results observed in the present study do not 
seem to be attributable to bias arising from differ- 
ences in reporting or in medical supervision of preg- 
nant and nonpregnant women for a number of rea- 
sons. First of all, the increase described applied to 
paralytic as well as nonparalytic cases. The former 
for hospitalization and convalescent care. Secondly, 
the extent of the increase was almost the same for 
paralytic and for nonparalytic cases. If differences in 
medical supervision were a factor, one would expect 
a greater increase in the milder or nonparalytic 
cases than in the more severe or paralytic cases. 
Thirdly, the observed increase varied with age and 
parity. If it were related to bias in medical super- 
vision during pregnancy, one would expect all groups 
regardless of age or previous live births to be affected 
equally. Finally, all reported cases were checked by 
diagnosticians assigned on an area basis without any 
regard to the age or pregnancy status of the patient. 

The occurrence of poliomyelitis in pregnancy ap- 
peared to depend, in part, on the period of gestation. 
A significant increase in incidence of both paralytic 
and nonparalytic types of cases was observed in the 
was responsible for the over-all rise in incidence re- 
ported during pregnancy. A similar concentration of 
cases between the third and fifth months or in corre- 
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sponding trimesters was reported in other recent sur- 
veys.*:5-71014 The explanation for the apparent in- 
crease in susceptibility during this period of gestation 
is not entirely clear. It may be related to hormonal 
changes, which have been shown to modify host sus- 
ceptibility in the laboratory animal.**-** 

Differences in severity of infection that appeared to 
be of epidemiologic and prognostic significance were 
also noted. The increase in paralytic cases observed 
during pregnancy a to be limited to the spinal 
type of disease. It was noted in the second and third 
trimesters only, in the last, and affected 
chiefly the lower limbs. It was not accompanied by a 
parallel increase in bulbar or paralysis. 
On the contrary, the frequency of bulbar polio- 
myelitis appeared to be equal to or less than that ex- 
pected in every trimester and age group. The over-all 
reduction in bulbar paralysis was about 30 per cent. 
In studies reported by several other investigators, the 
proportion of bulbar cases also appeared to be either 
comparable to or lower than that observed among 
cases in nonpregnant persons.*** Since deaths occur 


women. Only 2 deaths occurred, both in the last 
months of pregnancy. 
SuMMARY 

The incidence of poliomyelitis during pregnancy 
was investigated in New York City in a prospective 
study of all cases reported in females fifteen to forty- 
four years of age for a five-year period from 1949 to 
1953, inclusive. 

A total of 87 cases were observed in pregnant 
women. This number was 59 per cent more than that 
expected on the basis of age-specific rates in the 
female population of childbearing age. The per- 
centage increase in clinical infections noted during 
pregnancy was the same for paralytic and nonparalyt- 
ic cases. 

The attack rate of clinical infection was higher in 
pregnant women with previous live births than in 
those without previous live births. A relation between 
parity and the incidence of poliomyelitis in pregnancy 


The incidence of clinical infection also varied with 
the period of gestation, being increased only in the 
month of 


seemed to be reduced. Mortality, therefore, was also 
reduced. Only 2 fatal cases occurred, both in the 
last trimester of pregnancy. 


We are indebted to Mr. Carl director, and Mr. 
Louis Weiner, chiel ef the ai 


846 
most commonly in bulbar cases, it is not surprising 
that the mortality rate was reduced in pregnant 

was observed in each maternal age group, and ap- 
peared to be dependent, in part, on the number of 

The increase in incidence during pregnancy ap- 
peared to be limited to nonparalytic and spinal para- 
lytic cases, whereas the frequency of bulbar cases 


and A. 
al 


. Lab. 7: 1 
and Sandler, F. Polio- 


, 1944. 
in mice 
. virus. Proc. Soc. Exper. Biol. 
C. of infection with strain polio. 


9: 1950. 

W and 

Nallace, H “at br 
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Bureau. of Records and Statistics, Department of Health, New 
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Mem. Fusd Quart. 16: 
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CHEMICAL AND HISTOCHEMICAL SEQUENCES IN THE NORMAL 
HEALING OF WOUNDS* 


J. Enctesert Dunpny, M.D.,¢ anv K. N. Upvupa, MS., F. R. C. S. (C)¢ 


E. 
in pregnancy. A 


"THE healing wound is of perennial interest and 

fundamental importance to the surgeon. Despite 
continued study, however, knowledge to date consists 
largely of the factors that affect the well known his- 
tological sequences of healing and the rate of gain in 
tensile strength. The intensive inquiries’? that many 
investigators have conducted into the nature of con- 
nective tissue in the last decade have provided a varie- 
ty of technics, some old and some new, that require 
application to the healing wound. This report reap- 
praises the sequences of wound healing on the basis 
of data obtained from chemical and histochemical 
studies. 


Formation oF COLLAGEN 


ture of collagen and its formation is germane to the 


need for cellular activity. The studies of Stearns** 


of 


on fibrogenesis in the ear of the rabbit indicate that 
fibroblasts are essential for fiber formation, but by 
contributing material that ultimately results in col- 
lagen rather than by producing it directly. More re- 
cently the nature of this process has been clarified 
Porter and Vanamee,° using the elec- 

tron microscope, observed an interaction between 
fibers laid down on either side of the cellular mem- 


From these studies one may postulate that fibro- 
blasts secrete a soluble protein procollagenous sub- 
stance that is essential to fiber formation, but that the 
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Records and Vital Statistics, New York City Health De- Bradley 
partment, for the data from the 1950 census and on the | wily 
annual number of reported live births and fetal deaths. 14. dersc 
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brane and materials in the ground substance. High- 
berger,* from in vitro studies, has shown that a dia- 
lyzed acid solution of collagen can be made to pre- 
cipitate into a collagen fiber in the presence of an 
acid polysaccharide such as chondroitin sulphuric 
acid. 
em under consideration. one time it was De- 
lieved that the fibers were shed from the superficial PFOCSS #8 NOL Complete without te presence 
protoplasm of the fibroblast and incorporated directly ‘U€S of a carbohydrate fraction in the ground = 
into tissue as collagen. Others have held that collagen “*@9C¢- The nature of ground substance and its rela- 
is precipitated from the ground substance without any tion to the blood, to mast cells and to the ultimate ap- 
pearance of mucopolysaccharides need not be dis- 
cussed in detail in this paper. Briefly, there are two 
opinions regarding the origin of the mucopolysac- 
Surgical | charides of the ground substance. One has held that 
the Society; sponsored by the Liver it is secreted by fibroblasts’:* whereas the other main- 
Sargeon Department. of the tains that it is a product of mast cells.° Time and 
wah Herverd University; che supported by the further study may yet resolve this controversy by show- 
*Profemor of surgery, Harvard Medical School; director, Fitth ing that what appear to be mast cells are actually 
surgery, Peter Bent Brigham: Hospital. “ground substance, it seems likely that some fraction 
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lagen, which provides tensile strength to a wound, is 
dependent upon two factors: a protein component, 
probably produced by fibroblasts, which passes 
through several stages before becoming collagen; and 
Tasie 1. Glucosamine in Healing Wounds. 
Srrcimen Giucosamine Content* 
mg./100 gm. of dry tissue 
Normal skin 450 
3-day wound 956 
6-day wound 790 
9-day wound 5 
12-day wound 475 
15-day wound 66 


matrix that is chemically and physically necessary for 
the ultimate deposition of adult collagen from the sol- 
uble, nonfibrous protein material produced by the 
connective-tissue cells. Ascorbic acid and a variety 
of enzyme systems are undoubtedly involved in this 


In this study we have attempted an elucidation of 
the mechanisms of healing by measuring the sequen- 
tial formation of polysaccharides and collagen 
in the wound. 


MarTeriaL AND Metnops 


The healing of the normal wound has been studied 
in healthy rats of the Wistar strain weighing between 
200 and 250 gm. Wounds were made in the abdom- 
inal cavity and closed with interrupted wire sutures. 
The wires were removed before the wounds were sec- 
tioned for histologic and histochemical examination. 
Chemical determinations of healing tissue were made 
in open granulating wounds on the back of the ani- 
mal. Great care was taken to include only granulat- 
ing tissue in the assay. 

The presence of n lysaccharides was deter- 
mined, first, by metachromatic staining with toluidine 
blue as described by Sylvan'® (there is considerable 
evidence that this technic depends on the presence of 
free sulfate groups attached to the polysaccharides) ; 
secondly, by the colloidal-iron technic of Hale™ as 
modified by Reinhart and Abul-Haj"*; thirdly, by the 
periodic acid Schiff stain, as described by Hotchkiss" 
(although there is considerable controversy about the 
nature of this stain, it is sufficiently specific for our 
purposes to indicate the presence of a carbohydrate 
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; and, finally, by the Elson and 
analysis for hexosamines as used by 


Collagen formation was evaluated 
by van Gieson’s and Mallory’s stains. Precursors of 
collagen such as reticulin were estimated by silver 
stains, particularly Gomori’s silver-impregnation tech- 
nic. The hydroxyproline content of tissue was used as 
a chemical assay for collagen. The method of Neu- 
man and Logan” was employed. 

Histologic and histochemical preparations were 
made from animals killed three, six, nine and twelve 
days after operation. Chemical determinations were 
made of granulating tissue removed from open 
wounds on the third, sixth, ninth, twelfth and fif- 
teenth days after operation. 

Histochemical changes have been established in a 
rough way by the use of plus signs (+). The faintest 
trace of a staining reaction was recorded as +. The 
most intense reaction over the period of study was 
recorded as + +++. 


Resutts 


The results are presented in Tables 1 and 2 and in 
Figures 1, 2, 3 and 4. In Figure 5 the data on hex- 


Tasie 2. Collagen* in Healing Wounds. 


Specimen Coutacen Contentt 
Normal skin 71.9% 
3-day wound 88 
6-day wound 99 
9-day wound 22.3 
12-day wound 1.3 


per 100 gm. of dry tissue x 7.46. 
determinations 


*Collagen = 
tMean of 3 or more ; variations so small as to be 


tAfter Bowes & Kenton.” 


period, there is a rapid increase in hexosamine con- 
tent of the wound. Although there is no gain in ten- 
sile strength, it is evident that marked are 
taking place in the ground substance. Toluidine blue 
stain for metachromasia, the periodic acid Schiff and 
Hale’s colloidal iron stain all become positive during 
this early period, presumably indicating the presence 
of muc harides (Fig. 1). Metachromasia is 
of particular interest because it reaches a peak about 
the fifth or sixth day, when the first chemical and 
histologic evidence of collagen fibers develops. As col- 
lagen forms there is a prompt decline in metachro- 


fraction in tissue 
Morgan 
Persson.** 
In summary, then, the ultimate formation of col- — 
Mean ya determinations; variations so small as to be 
a carbohydrate component, — a complex mucopoly- 
saccharide produced either by mast cells or connec- 
tive-tissue cells, —- which produces a homogeneous osamine a roxyproline conten caling 
wound are superimposed on a empirical curve of gain 
in tensile strength. Since tensile strength could not 
be determined in the same animals, this is projected 
upon the basis of other studies. 

The data may be briefly summarized. During the 
process. early stages of wound healing, in the so-called lag 
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masia and a progressive fall in the hexosamine content 
of the wound (Fig. 1, 2 and 3). Toward the end of 


oe 4 6 6 0 2 4 16 


Days arter WouNpING 


Ficure 1. Histochemical Estimation of 
in the Healing Wound. 


trization. Whether this indicates the presence of a 
carbohydrate fraction of the mucopolysaccharide in- 
corporated into collagen or whether it is related in 
some way to hydroxyproline has not been determined. 


HEXOSAMINE 
OF dry 


— Hexosomine content of normal skin 450 mg, 


14 ‘6 
Days arter 


Fioure 2. Hexosamine Content of the Healing Wound. 


The interrelation between reticular mate- 
rial (Gomori’s stain) and the formation of collagen 
as estimated by van Gieson’s stain is depicted graphi- 
cally in Figure 4. 
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There is a remarkably good correlation between the 
gain in tensile strength and the a of colla- 


gen both as seen histologically and as measured by the 
Dev Tissue 


collagen in normol skin 71.9% 


Days artrer WouNDING 


Ficure 3. Collagen Content of the Healing Wound. 


hydroxyproline content of the tissue. Although the 
maximal rises in h ine content are a little 
delayed, it seems likely to us that the early initial gain 
in tensile strength is due to the presence of some col- 


24 6 8 0 2 4 6 


Days arter WounpDING 


of Reticulin and Collagen 


Ficure 4. Histologic Estimation 
in the Healing Wou 


lagenous or procollagenous material because during 
the lag phase, when a large quantity of mucopolysac- 
charide is present, there is little or no gain in tensile 
strength. Studies on scorbutic guinea pigs, which will 
be described in detail elsewhere, lend support to this 
view also. 

It will be noted that the curve of gain in hydroxy- 
proline content of the tissue levels off after the twelfth 
to the fourteenth day. This is in contrast to the obser- 
vations of Abercrombie et al.,”° who found a progres- 


maximal tensile strength, the degree of metachro- 
masia and the intensity of the colloidal iron stain re- 
turn to the levels seen in normal skin and subcutane- 
ous tissue. On the other hand, the periodic acid 4 .[— po 
Schiff stain remains positive into the period of cica- 
$444 > 
ry 4 
4 2 
s 30 
20 
10 
+ 
++++ 
\ 
ese 
+ % 
S/F 
+ 
/ 
600 


sive rise in hydroxyproline for as long as the twenty- 
fifth day. We believe that this is due to the fact that 
their determinations were made on wet tissue. Since 
edema fluid is absorbed from the wound between the 
tenth and the twentieth day, one may obtain a false 
impression of the hydroxyproline content unless it is 
measured per gram of dry tissue. 


Discussion 
“Pattern of Healing” in the Normal Wound 


These observations give a different i 
the mechanisms of wound healing. On the basis of the 


“0 NORMAL PATTERN OF 
WOUND HEALING 


Strengin__ 


Hexosomine 


Days arrer WounpING 


Ficure 5. Normal Pattern of Wound Healing. 


changes in tensile strength and the histologic ap- 
pearance alone wound healing has been divided into 


ing into two phases: an early “productive” or “sub- 

strate” phase lasting from one to five days after 

wounding; and a “collagen” phase lasting from the 

fifth or sixth day until healing is complete. 
Considerable attention has been given to the “lag 

phase” of healing, and various means of 

it have been sought unsuccessfully. In general this 


. Harvey,”* in his Judd Lecture, says, 
“It is involved in the cleaning up process of the 
wound.” Needham* speaks of the period of “defense 
and demolition.” Autolysis and phagocytosis have 


Our observations indicate that after an initial pe- 
riod of “shock” of no more than twelve to twenty-four 
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hours’ duration there is a rapid production of ground 
substance that reaches a peak somewhere between the 
third and the sixth day. Since this homogeneous met- 
achromatic matrix is probably produced by fibro- 
blasts,’ it is obvious that this is an early function and 
does not require the presence of the large number of 
fibroblasts that appear in the wound late in the period 


existence of soluble protein precursors of collagen, 
we may safely assume that these are formed in the 
productive or substrate phase because reticular silver- 
staining fibers are demonstrable in significant quanti- 
ties by the sixth day. Moreover, some observations of 
Gould and Woessner” indicate that glycine and pro- 
line, which constitute the important amino acids in- 
volved in collagen formation, are present in large 
quantities in the productive phase. 

The so-called periods of fibroplasia and cicatriza- 
tion can be better understood if viewed as early and 
late of collagen formation extending from 
about the fifth or sixth day until healing is complete. 
This coincides with the principal gain in tensile 
strength. Since fibroblasts can be demonstrated in the 
wound within twenty-four hours of injury it seems 
likely that tensile strength, which does not increase 
until the fourth to the sixth day, is largely a result of 
collagen synthesis rather than simple multiplication of 
fibroblasts as has been assumed. 

Further confirmation of these concepts can be de- 
rived from a study of delayed or abnormal wound 
healing. Although these studies will be described in 
detail later, brief reference to them here will serve to 
clarify our concept of a distinct pattern to normal 
healing. 


“Pattern of Healing” in Deficiency States 


The concept of an initial productive or substrate 
phase and a second or collagen phase becomes more 
intelligible when one considers the pattern of healing 
in ascorbic acid and protein deficiency. For example, 
in wounds in scorbutic guinea pigs* the “productive 
phase” is greatly extended and there i is no “collagen 

* The concentration of 
rises progressively, reaching levels per ‘gram of tissue 
by the twelfth or fourteenth day far in excess of that 
seen at the peak observed in normal wounds about the 
fifth day. That this material is abnormal is also evi- 
denced by the fact that it does not stain metachro- 
matically. Much reticular silver-staining material ap- 
pears in the wound, and there is an abundance of fi- 
broblasts. However, very little collagen can be seen by 
Mallory’s or van Gieson’s stains, and very little hy- 
droxyproline can be demonstrated. In less than forty- 


*Although there is a sli difference in the absolute of 
that can be" oud per of 
te (at and “guinea pig) the relative changes alter wounding are re- 


850 
as measured chemically and histochemically appears 
to be decreasing. 

three stages: an initial lag phase of one to four days’ 

duration ; a phase of fibroplasia from four to ten days; 

and a final phase of cicatrization, of variable duration, 

depending on the amount of scar tissue produced dur- 

ing healing. If one considers the changes depicted in 

Figure 5, it seems reasonable to divide wound heal- 

pe as been regarded as comparatively static, De- 

ing concerned largely with the absorption of débris 

been thought to be the dominant cellular activities 
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eight hours, however, after the administration of 
ascorbic acid such a wound will pass into a “collagen” 


FEES 


if 
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healing, and normal tensile strength is a function of 
collagen formation not of fibroblastic multiplication as 
formerly postulated. 
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phase in which hydroxyproline can be found in appre- eee 
ciable quantities and well formed collagen fibers can Under the condition of these experiments the pat- 
be demonstrated by staining technics. It appears that tern of wound healing in protein and ascorbic acid 
in ascorbic acid deficiency the building blocks of deficiency is distinctly abnormal. Further studies of 
wound healing are produced plentifully in the pro- the pattern of healing in these and other conditions 
ductive phase, but an important key to synthesis of should lead to a better understanding of the basic 
collagen is lacking. mechanisms of repair. 
~ Ifa rat is fed a nonprotein diet for a period of five 
days before wounding, the pattern of healing differs 
from both the normal one and that seen in scorbutic 
guinea pigs. The productive phase is prolonged, and 
the peak levels are below normal. This is followed by : Medicin : 
a collagen phase, which does not begin until the ; ; 
seventh or eighth day and progresses more slowly than -a 
normal. The pattern of healing seems to be one of + tissue_in transparent 
a deficiency of building blocks as well as delayed 5. Porter, K." and Vanamec, Oteervation on’ formation, of 
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CLINICAL VALUE OF A TRACING OF FORCED EXPIRATION (EXPIROGRAM)* 
II. Cardiac Disease 
Avan L. Micuetson, M.D.,¢ Frankuin, M.D.,f Francis C. M.D.§ 
BOSTON 


of a maximal expiration (expirogram) in the 
diagnosis and management of pulmonary disease was 
discussed in a previous paper, in which the advan- 
tages of tracings over other means of obtaining the 
so-called “timed capacity” were pointed out.’ We 
are presenting evidence here that such tracings are 
also of value in the management of cardiovascular 
disease. 

The of the pulmonary vascular bed in 
left-sided heart failure causes a decrease in the vital 
capacity.*** However, little attention has been paid 
to associated changes in the speed of expiration, 
which is also often altered in a characteristic man- 
ner in chronic cardiac failure. 


MareriAts AND Metnops 


The apparatus, previously described,’ consists of a 
6-liter spirometer, the bell of which is connected to 


a pen recording on a kymograph moving at 0.56 cm. 
per second. Three groups of patients were selected 
for study: patients with hypertensive heart disease 
who, on the basis of the usual clinical criteria, were 
considered to be in congestive heart failure; patients 
with mitral stenosis, with or without existing conges- 
tive heart failure; and patients with chronic pul- 

disease and resulting or associated heart 
failure. Some of the patients in all three groups were 
observed for several weeks to determine the effect 
of treatment of the congestive heart failure on the 


configuration of the expirogram. 
RESULTS 
Group 1 


The following case is typical of the first group of 
patients with congestive heart failure secondary to 
hypertensive heart disease. 


W.B., a 49-year-old man, was admitted to the hospital 
on December 29, 1954, “with a complaint of 
sive dyspnea, orthopnea and ankle edema. H 
had been present for 5 years, but he had remai pate 
free until 1951, when he experienced chest agen and a 5ou 
nosis of | disease with angina 
at another hospital and subsequently “by 


the “2-step” test. In 1953 symptoms of on exer- 
paroxysmal nocturnal dyspnea and minimal! ankle 
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Assistant medicine, Boston University School of Medicine; 
fellow.” Evans Memorial, and member, Courtesy Staff, Massa- 
chusetts Memorial 
Instructor medici Boston U School of Medicine; visit- 
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professor of medicine, Boston University School of Medi- 
cine; visiting Medical Service, and member, Evans Memorial, 
Medial 


were treated successf 
stopped because the pales 


2d sound was split, and the aortic 2d sound was greater 
than the pulmonic; there was a Grade 2 api 


segment pores 


was 30 seconds. 


t and The hemo- 
globin was 10.5 . 100 cc., the hematocrit 39 
cent, tial count i 


The patient was treated with digitalis, ammonium chloride, 
mercurial diuretics by injection and a tion contain- 
ing Rauwolfia serpentina Veratrum viride derivatives. 
There was great clinical improvement in 10 days, and the 
circulation time feli to 17 seconds. 


i had risen to 
expired in the Ist second. The 
agent and dis- 
charged to ta the outpatient 


failure, with the predicted normal tracings of each. 
The expirogram of this group has certain character- 
istics, The rate of expiration is relatively rapid al- 
though the total volume expired is reduced. The 
reduction in vital capacity is reversible partially or 
wholly after treatment of the congestive heart failure. 
The administration of a bronchodilator by aerosol 
does not increase the rate of expiration, nor did this 
or less forceful expiration increase the vital capacity, 
as shown in Figure 2.9] 


Group 2 


_The second group of patients studied were those 
with chronic —e heart failure secondary to 
mitral disease. The following case is illustrative. 


on the expirogram of the force with which the patient 


been discussed.' 


admission he was pale and in moderate respiratory 
, with marked swelling of the lower legs. The 
ature was 99°F., the } 60, and the respirations 
he blood pressure was 220/130. The neck veins were 
ded, and there was fullness to percussion, decreased 
sounds and moist inspiratory rales in the lower two 
of the chest posteriorly. The heart was enlarged, 
ur and a diastolic gallop. ver edge was tende 
pable 10 cm. below the right costal margin. Marked 
y edema was p t to the level of the 12th thoracic 
The venous pressure was equivalent 
and the arm-to-tongue circulation time 

chloride, sodium and potassium were normal. An electro- 
cardiogram was interpreted as showing strain of the left 

ventricle. 

On the day after admission the vital capacity was 1900 
cce., with 1600 cc. expired in the Ist second. Three days 
later the vital capacity was 2600 cc., with 2200 cc. in the 
Ist second, and 3 days later it was 2900 cc. Subsequent 
measurements showed further increases in both volume and 

ee Figure 1 shows the expirogram of this patient and 
2 others with hypertension and congestive heart 
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C.J., a 43-year-old housewife, was 
on December 28, 1954, because of difficult breathing of 
days’ —— ¥ ‘the age of 9 years she had had migra- 
tory nd a grippelike illness. 

her Ist a 

a subsequent pregnancy a of rheumatic 
mitral stenosis was made, and treatment 
wick Seahtelis was started. She remained well until 1942 


( 31 years), when —_— weight gain, d and 
orthopnea eveloped. t and in 1952 a 
valvu ty was ‘efter with 


good symptomatic relief despite a 


, with a ng uctive 
admission. 


mucoid sputum on the day of 
Examination revealed a woman with 


WB. | 


FBEFORE TREATMENT 2-AFTER TREATMENT 


Fioure 1. of W.B., Compared with Those of 2 
Other Patients with Hy ag Congestive Heart 
ure 


Predicted normal tracings are also shown. 


99.8°F., the 112 and i 
34; the 


present in the pulmonic 
decrescendo n murmur at Erb’ 
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hilus. 
strain of 


every 4 hours, dighalis. Teal 


diuretics by Ay She 
improved on 5th hospital 


ings and a infiltrate in the 


electrocardi showed 
the right ventric ie. 


The patient was given a low-salt diet, aqueous 
200,000 units j intramusc 
0. 0.20 . daily, and 


The expirogram of this patient and those of 5 oth- 
ers with mitral stenosis are shown in Figure 3. As 


i 


Fiovre 2. Effect of Bronchodilators on the Expirogram in 
Heart Disease. 


in the previous group, the vital capacity is decreased. 
The configuration of the curves, however, differs 
from the first group in that, although the initial 
portion is steep, there is marked flattening of the 
terminal portion of the tracing. In spite of an in- 
crease in the vital capacity as the patient improves 
clinically under treatment, this flattening of the trac- 
ing persists. 

The configuration just described is quite different 
from that obtained from normal persons. During 
a maximal forced expiration, it has been shown that 


[Go 


mw 


Ficure 3. Expirograms in 6 Cases of Mitral Stenosis. 


the normal lung empties in a regular manner. This 
becomes evident if the expirogram is recorded on 
paper moving sufficiently fast (3 cm. per second) to 
permit accurate measurement of the volume that 
has been expired at each instant during the entire 
expiratory effort.’ If the volume remaining to be 
expired at any instant is plotted on a logarithmic 
scale and time is plotted arithmetically, a straight 
line is obtained. This means that the rate of expira- 


(= 
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e rig 
day. 
year before the admission there had been - 
ore t ission there erate MITRAL 
especially on exertion, despite continued digitalis 
mercurial diuretics given intermittent! injection. 2-3-4 
urers*| / = 
= 
5's" 
PREDICTED 
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LITERS 
| 
DATE L 12-31-54 | i-2-55 
| 
EXPIRED 
= 
| 
ular, and the respirations | 
108/80. Breath sounds were : | 
L ere were fine, moist rales at both bases. 
The left border of cardiac dullness and the point of maximal 
impulse were at the anterior axillary line. A presystolic | | 
thrill and shock were HEFORE TREATMENT 2-AFTER TREATMENT 
ere was a 
2 point and a Grade ee 
3 at the apex. The 
pulmonic 2d sound was accentuated. The liver edge was 
palpable 4 fingerbreadths below the right costal margin and 
nontender. The spleen was palpable. 
The hematocrit was 56 per cent. The sedimentation rate 
was normal. The white-cell count was 14,500. The urine 
had a gay of 1.020 and gave a ++++ test 
for albumin. ere were 20 to 30 white cells and 3 to 5 
red cells per high-power field in the sediment. The blood 
urea nitrogen was 26 mg. per 100 cc. Blood cultures were 
ative. An x-ray film of the chest revealed transverse 
po eel of the heart, prominence in the region of the 
pulmonary artery, an increase in the hilar vascular mark- 
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tion decreases in a predictable manner and that if 
the total volume expired is known and the volume 
expired in the first second, for example, is also known, 
the entire curve can be reconstructed. Patients with 
asthma or emphysema often exhibit irregularities in 
the manner in which the rate of expiration changes. 
The abrupt slowing toward the end of expiration 
seen in Figure 3 represents such an irregularity. 
Furthermore, these curves deviate most strikingly 
from the normal at the end and not at the begin- 
ning of expiration, a point that will not be appreciat- 
ed unless a tracing is made. 


Group 3 


Because cardiac failure and chronic pulmonary 
disease have certain features in common, the two 


MH.73/S | 6305'S” | | EM 66S 5'7” 


BEFORE TREATMENT 2- AFTER TREATMENT 


4#C Emphysema 


M.H., a 73-year entered this hospital for the 
2d time on August 27, 1954, with a chief complaint of 
severe dyspnea of 4 to 6 weeks’ duration. Eight years pre- 
viously he began to have increasing shortness of breath and 
a productive morning . Two years later he retired 
from work because of persistent dyspnea even at rest. There 
nation revealed a chronically ill, emaciated, elder- 
ly man who was breathing with much difficulty. There was 
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increased an ior diameter of the 

oe The were hyper-resonant, there 

nspiratory rales at bases, 
out. The he liver edge was palpable 4 fingerbreadths below the 
moderate ankle edema. 
, situs inversus was. present. The hematocrit was 
4 the hemoglobin 16.3 gm. per 100 cc., and the 
sedimentation rate 8 mm. per hour; the white-cell count 

The blood carbon 


was 8650. The urine was normal. dioxide 
was 36.2 milliequiv liter. An elec showed 
right-bundle-branch . An x-ray film of the chest re- 

increased bronchial i i on the left. 
The arm- circulation time was 15.5 


and the venous Blood preaure was equivalent to 10.9 em. 
"The 


was marked 
the vital capacity from 1 to 2600 cc. 


pulmonary and cardiac diseases are shown 
in Figure 4. There is both a decrease in the vital 
capacity and a slowing of expiration throughout the 
expiratory effort. After treatment the vital capacity 
increases, but the expiratory rate remains slow. The 
administration of a bronchodilator is followed by a 
small but significant rise in the vital capacity and 
rate. Expiratory tracings seen in this group differ 
clearly from those of the first group and differ from 
those in the second in that slowing is present from 
the beginning of expiration. The prolonged expira- 
tory curve is typical of those seen in pulmonary 
emphysema without clinically evident cor pulmonale, 
and therefore right-sided heart failure is not detecta- 
ble by this means. 


Discussion 


Although much of what has been described above 
has been noted previously, this simple and we believe . 
informative procedure has received little attention 
as an aid in the is and management of cardiac 
disease. As pointed out earlier’ the kymographic trac- 
ings of maximal forced expiration, though even more 
useful in pulmonary disease, have been passed over 
in favor of a far more cumbersome and stressful pro- 
cedure, the maximum breathing capacity, poorly tol- 
erated and often resented by the patient. Our pur4 
pose here is to call attention to a useful procedure 
that is quickly done, requires no sustained effort and 
lends itself to ready interpretation. 

The decrease in vital capacity associated with con- 
gestive heart failure has been ascribed to an altera- 
tion in the elastic properties of the lung, with resultant 


, changes, 
crease in thickness in capillary basement membranes 
in some cases, by 
area, 


disappearance of 
changes are limited to the pericapillary alveolar 
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pe His state remained relatively unchanged until treatment 
with cortisone was n on the 7th ital day, after 
~~ 
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are sometimes distinguished with difficulty. One en- 
counters patients with a chief complaint of dyspnea 
who, because of a known cardiac lesion, hyperten- 
sion, the presence of edema or some other sign, are 
considered to have congestive heart failure. Treat- 
ment may produce little or no improvement, and 
the conclusion is finally reached that the chief prob- 
lem is pulmonary and not cardiac. The two condi- 
tions may occur together; in such a case the pul- 
monary disease must be recognized if the patient is 
to receive optimal care. As the following case il- 
lustrates, the expirogram can readily detect the 
presence of pulmonary disease in such patients and 
thereby help to guide the physicians in the manage- 
ment of the patient. fease in resistance to mouon.: ure 1s Of jong 
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with little involvement of bronchial elements.’ In 
the absence of emphysema, asthma or pulmonary 
edema,** the rate of airflow at the beginning of ex- 
piration is not greatly reduced. One may explain the 
configuration of the expirograms obtained from pa- 
tients with chronic congestive heart failure by assum- 
ing the of an unobstructed airway and a 
relatively rigid and nonelastic lung. This last can ac- 
count for both the decrease in vital capacity and the 
marked and abrupt slowing that occurs as the termi- 
nal 100 to 200 cc. are expired. This was first noted 


“The relatively rapid expiratory rate observed 
throughout expiration in patients with congestive 
heart failure of short duration, and during the greater 
part of expiration in patients with chronic congestive 
heart failure, affords a ready means of distinguish- 
ing between cardiac failure and pulmonary emphy- 
sema or severe asthma. Since these diseases have, in 
common with cardiac failure, dyspnea as their most 
prominent manifestation, the presence or absence 
of obstruction to the airway, easily recognized by 
means of the expirogram, may provide a much needed 
clue to the nature of the disease. During expiration 
early slowing is easily detected in bronchial obstruc- 
tion with timed capacity measurements, but the late 
slowing in chronic congestive heart failure will only 
be evident when measurements are made at varying 
intervals. This will require repeated efforts by the 
patient. A tracing requiring a single effort gives 

On the basis of a limited number of observations 
it appears likely that chronic congestive heart fail- 
ure of the type associated with mitral stenosis will not 
be distinguishable from pulmonary fibrosis on the 
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basis of the expirogram alone because the same factors 
appear to operate in both conditions. However, when 
the other clinical features are taken into account, 
confusion between the two will not arise frequently. 


SumMMARY AND CONCLUSIONS 


The application of a kymographic tracing obtained 
during the measurement of the vital capacity in the 
diagnosis and treatment of patients with cardiac dis- 
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CONGENITAL TRACHEOESOPHAGEAL FISTULA WITHOUT ESOPHAGEAL ATRESIA* 
Report of a Case with Post-Mortem Findings 
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presence of a fistulous communication be- 

tween the esophagus and trachea, without an ac- 
companying esophageal atresia, is rarely reported 
and is not familiar to many physicians. The classi- 
fication of congenital anomalies of the esophagus 
with tracheoesophageal fistula, as reported by Vogt' 
and Ladd and Swenson,’ is known to most pediatri- 
cians, 

A brief historical review of this unusual type of 


*F the Pediatric Service, Boston Hospital, and the Depart- 


has been * Recently, in a review 
of the English literature, Ware and Cross* were able 
to find 26 cases, to which they added 1 of their own. 
We could find only 10 cases with reported post- 
mortem findings. In 1917 Cautley,’ reviewing the 
literature up to that date, mentioned the existence 
of 6 such case reports. However, more recently, 
Haight,® in reviewing the original references given 
by Cautley, could verify only 3 cases that could be 
classified as tracheoesophageal fistula without atresia 
of the esophagus. In 1923 Lohnes’ presented the 
post-mortem findings in a nine-week-old boy, who, in 
addition to the tracheoesophageal fistula, had hetero- 
topic pancreatic tissue in the wall of the stomach. 


ease ee discussed. e vital-capacity determ on 

alone is well known to be helpful in proper manage- 

ment and control of such patients. Inclusion of a 

measure of the speed of airflow during performance 

of the vital capacity is far more informative than 
the vital capacity alone or than recordings of volumes 
expired during arbitrarily selected intervals. 
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Six years later Negus* described a case of congenital 
tracheoesophageal fistula, verified by autopsy, in a 
forty-five-year-old man who died of bronchogenic 
carcinoma. Gengenbach and Dobos.’ in 1941, re- 
ported the autopsy findings in a three-month-old girl 
who was found to have fusion of the two kidneys 
on the left side and a patent ductus arteriosus in 
addition to the tracheoesophageal fistula. In 1950 
Cardullo and Berens'’ described the post-mortem 


Ficure |. 


The posterior wall has been opened longitudinally, and a 
probe inserted into the fistulous communication between the 


Posterior View of the Esophagus. 


esophagus and trachea. Note the uniform diameter of the 
esophagus throughout its length. 


findings in an eight-month-old girl with tracheoeso- 
phageal fistula who died of bronchopneumonia post- 
operatively. In the same year Ferguson"’ presented 2 
autopsied cases of tracheoesophageal fistula without 
atresia of the esophagus; | patient, a nine-day-old 
girl, died postoperatively of bronc and 
the other, a seven-and-a-half-month-old girl, died on 
arrival at the hospital. 

It is our belief that this anomaly, described so 
rarely, has certain clinical characteristics that merit 
emphasis if corrective surgery is not to be unduly 
delayed. It is for this reason that we are reporting 
an illustrative case in detail, including findings at 
post-mortem examination. 


THE NEW ENGLAND JOURNAL OF MUDICINE 


Case Report 


B.S., a 4-day-old girl, was admitted to the Pediatric Serv- 
ice on October 6, 1954. She had been delivered at term, 
without complication, at another institution. The birth 
weight was 2.8 kg. (6 pounds, 4 ounces), and the tal 
history was not remarkable. From birth an unusua 
amount of mucus in the pharynx and mouth was noticed. 
Oral feedings were withheld, and small amounts of fluid 

were administered parenterally. On the 3d day of life, 
ontiat fluoroscopic examination, the infant was given a 
swallow of Lipiodol, which was observed to pass freely in- 
to the stomach. Immediately after this, regurgitation and 
aspiration occurred, and films oe, at this time showed the 
outline of a normal esophagus and senchooheonchial tree. 
It was believed that the existence of a got 
fistula of the H type could not be excluded, and the infant 
was transferred to the Boston City Hospital for further 


4 kg. (5 pounds, 3 
tient 
y, discharge from 


ounces). There was a Pithick, f 
both nostrils. Coarse rhonchi were heard 
both lung fields. The abdomen was distended and tympanit- 
ic; istalsis was active. 

tem 


ture was 105°F., 
= respirations, accompanied by 


x, laboratory studies for a 
moderate leukocytosis and a slight blood 
was Type O and Rh positive. Cultures of the nose and 
throat grew Aerobacter aerogenes, hemolytic Staphylococcus 
aureus, enterococcus and Neisseria catarrhalis. A blood cul- 
ture was negative. Examination of the stools showed normal 
tryptic activity. Roentgenograms of the an 


and the 140, and 
flaring of 


abnormal density involving the = of the 
and the upper half of Un- 
fluoroscopy, a No. 10 beet was to the upper 


won of the esophagus, and Lipiodol, introduced through 
the catheter, was seen to pass freely into the stomach. No 
fistula was visible in the pee. supine or lateral position. 
It was decided to delay further studies until the patient's 
condition had been stabilized. 

She was ed in an incubator, with the lower extremi- 
ties elevated and the head dependent to facilitate drainage 
from the pharynx. Feedings were given by gavage. Suction 
of the pharynx was done as necessary, and humidi oxy- 
gen was administered. and streptomycin = 
given intramuscularly. ation was maintained by sub- 
cutaneous clyses. 

The temperature fell to normal within 36 hours, and 
remained so throughout the ital stay. It was noted 
she er back the abdomen be- 
came distended, and respiratory distress with cyanosis en- 
sued. She appeared more comfortable in the prone position. 
Physical examination and x-ray study the 
—_— no intra-abdominal disease to account for the disten- 


the 4th hospital day, a loud systolic murmur ‘wa 
heard for the Ist time over the en with 
greatest intensity in the 3d left interspace. The beast was 
not ¢ , and an elec 
The gavage feedings were usually well. 
On occasion the patient became restless after icine, and 
abdominal distention, gagging and cyanosis occurred ; prompt 
suction with removal of mucus afforded relief. The presence 
of much mucus in the mouth and pharynx was noted by 
several observers. Such episodes necessitated the yoo 
ance of gavage gry and the maintenance of h 
by clyses. Under this management she gained 170 ro “6 
ounces) during the | Ist 10 days in the hospital. 

Gain in weight was not maintained, however, and her 
general clinical condition gradually deteriorated. Epi 
of and gagging, with abdominal 
tion, ame more pronounced. A roentgenogram 
the abdomen revealed generalized distention of the small 
and large bowel, without ae of mechanical obstruc- 
tion. On the 19th ital day, exploration of the chest 
was decided upon, but before surgery could be 
a particularly severe episode of respiratory distress 
sitated an emergency tracheotomy. During this 
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introduced into the opening of the tracheotomy 
into stomach, confirming the clinical 
iagnosis of 
was so urther operative procedure was 
Two days after the tracheotomy, the tem 
ture rose to 101.4°F., and tions became la and 
A roentgenogram of the chest showed a confluent 
pneumonic A ge 4 atelectasis, or both, in the right para- 
mainder Pon During the following night respiratory 
ogy was severe. % was much thick, tenacious mucus 
in 


and about 2 or 3 mm. below the inferior margin of 
wound 


anterior wall of the 


Ficure 2. Enlarged View of the Area Outlined in Figure 1. 
Note the concentric folds of esophageal mucosa overlying 
the opening of the fistula. 


in diameter. Normal crepitation was 
The findings were consent with bilateral 


patent ductus arteriosus; the 
10 cc. of clear, straw-ce 
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which was fixed at the hepatic flexure, with the 

two thirds attached to the abdominal wall by 
long, mobile mesentery. The intestinal mucosa ; 
The findings were consistent with partial malrotation of the 
ascending colon and cecum. 


Discussion 


Haight,° Ladd and Swenson’ and others’ have 
described the various congenital anomalies of the 


Ficure 3. Anterior View of the ary Tracheal Wail, 
Showing the Opening of the Fistula. 


The anterior ~~ poe S of the tracheal rings has been removed. 
Arrows indicate the margins of the tracheotomy wound. 


esophagus. Over 90 per cent of all esophageal mal- 
formations consist of an atresia of the esophagus 
with the lower segment of the esophagus communi- 
cating with the trachea. The rarest anomaly, of 
which the case reported above is an example, is that 
of a tracheoesophageal fistula without esophageal 
atresia. 
Unquestionably, the diagnosis of the anomaly may 
be difficult. The most important single factor con- 
tributing to this difficulty is the apparent rarity with 
which the condition occurs and the resulting unfa- 
miliarity with it among physicians. It is the persist- 
ent demand for corroborative laboratory evidence, 
in the face of highly suggestive clinical findings, that 


857 
the tracheotomy tube were without avail. The patient died 
on the 25th day of life. 
At post-mortem examination, done within 12 hours of 
death, the esophagus was of a uniform diameter through- 
out its length, its circumference measuring 2.5 cm. (Fig. 1). 
On the anterior wall concentric folds of ee mucosa 
were seen hiding an opening, linear in shape, vertically 
placed and about 3 mm. long, which connected with the 
tracheal lumen (Fig. 2). The superior margin of the fistula 
lay 1.5 cm. below the inferior notch of the thyroid —y, . 
(Fig 3), 
e lungs, which were free from adhesions, were dark . 
red. There were several areas of induration measuring up ; 
+ 
| 
th 
As. 
7 
| 
a 
to 1.5 bsent, 
generally focal 
atelectasi 
The heart showed a small defect of the ventricular septum 
and a large icardial cavity 
contained 5 fluid. The 
cecum, with a -appearing appendix, was lying near 
the midline of the body, and was very mobile. About half 
the small bowel was to the right of the ascending colon, 


delays early diagnosis. That laboratory examinations 
are by no means infallible is generally agreed. 

Three outstanding clinical features of tracheo- 
esophageal fistula without esophageal atresia have 
been described*: the precipitation of paroxysms of 
coughing on feeding; gaseous distention of the gas- 
trointestinal tract; and _ persistent pneumonitis. 
Haight® pointed out that the severity of paroxysms 
of coughing varies inversely with the viscosity of the 
feedings; liquids are much worse offenders than 
solids. The patient described above was fed only by 
gavage throughout the hospital course, but on occa- 
sion, after regurgitation of gastric contents, bouts 
of coughing and cyanosis did occur. Abdominal dis- 
tention has been attributed to closure of the glottis 
on coughing or gagging and to the forcing of air 
from the trachea into the stomach through the fis- 
tulous opening. This distention may contribute to 
the respiratory distress. Sieber and Girdany™ pass a 
tube into the stomach and observe the continued 
filling of the stomach with air under pressure when 
the infant cries or inspires vigorously; they have 
found this procedure useful diagnostically. In the 
infant described above, abdominal distention oc- 
curred in the supine position and tended to di 
in the prone position. The explanation for this phe- 
nomenon is not clear. It is well known that in infants, 
eructation of air from the stomach is facilitated in 
the prone position. In addition, one may speculate 
that, in the prone position, the fistulous communica- 
tion somehow became sealed off by the concentric 
fold of the esophageal mucosa around the opening, 
preventing the passage of gas from the trachea into 
the and stomach and thus also accounting 
for failure to visualize the fistula radiographically in 
the prone position. The pneumonitis is caused by the 
aspiration of esophageal contents and is said to in- 
volve the right upper lobe most often; in the case 
reported above, both upper-lung fields were involved. 
An increased amount of mucus in the mouth, nose 
and throat is also characteristic of this condition. 
This mucus often has a frothy appearance and may 
be the presenting symptom, as it was in this case. 

Bronchoscopic and examination 
are important diagnostic aids. Imperatori’* reports 
the finding of a fistula with the bronchoscope. 
Abbott’® also employed bronchoscopy to visualize the 
appearance of a dye (methylene blue) in the trachea 
after its instillation into the Esophagos- 
copy was employed by Clerf'* in 1 patient to locate 
the fistulous opening in the esophagus. Endoscopy is 
probably the most exact method of determining the 
level of the fistula and should be performed in every 
case in which the location is doubtful.* 

In the case reported above, the diagnosis was not 
confirmed until a catheter was passed from the 
trachea into the stomach during tracheotomy (Fig. 
2). 
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The most helpful laboratory method in diagnosis 
is radiographic demonstration of the fistulous com- 
munication between the trachea and the esophagus, 
which one can do by outlining, during fluoroscopy, 
the fistula with the aid of radiopaque contrast me- 
diums. lodized preparations, such as Lipiodol and 
Diodrast, are the agents of choice. Barium is not to 
be used. The medium is instilled in the esophagus 
through a catheter. Whereas most authors insist that 
the examination be done with the patient in the 
prone position, to allow the medium to enter the 
trachea by gravitation, others’? take the view that 
in this position the opacified esophagus hides the 
tract and the trachea; they recommend the anterior 
oblique position. In cases in which this technic does 
not demonstrate the fistula, Leigh et al.?” recommend 
the use of because the rigid tracheal 
wall is less likely than the flaccid esophagus to col- 
. The use of Diodrast is 


through a small fistulous communication. 

It is important to bear in mind that failure to 
visualize the fistula does not exclude its presence. 
When highly suggestive symptoms persist, examina- 
tions should be repeated. If these efforts prove fruit- 
less, surgical exploration must be seriously considered. 


Summary AND CONCLUSIONS 


A case of congenital tracheoesophageal fistula 
without atresia in a newborn infant is 
described along with the post-mortem findings. A 
brief discussion of difficulties in diagnosis and a re- 
view of helpful laboratory examinations are included. 

This diagnosis should be considered in all infants 
with large amounts of mucus in the pharynx and 
mouth associated with frequent coughing, abdominal 
distention and a persistent pneumonitis. Early diag- 
nosis and surgical intervention are imperative. 
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A BRIEF HISTORY OF THE MASSACHUSETTS MEMORIAL HOSPITALS (1855 - 1955) 
Henry J. Baxst, M.D.* 
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William P. Wesselhoeft were early members of 
ital corporation. 

The founders and physicians associated with the 

history of the hospital were a vigorous group 

determined individuals inclined to favor homeop- 

which had been introduced in America in 1825 


Because of insufficient funds, the establishment of 
the hospital was delayed. In 1856, however, John H. 


*Professor of preventive 


Wilkins, Charles B. Hall and Jacob Sleeper, among 
others, were named as incorporators of the Massa- 
chusetts Homeopathic Medical Dispensary. This 4n- 
stitution, located in one room in Tremont Temple at 
Washington and Streets, was opened to the 
public in 1857. In 1871, the Dispensary was moved to 
a small house at 14 Burroughs Place, just behind the 
present Metropolitan Theatre. A College Dispensary 
Branch was established in the Boston University 
School of Medicine building on East Concord Street 
in 1873. A West End Branch of the Di was 
opened on Leverett Street in 1876. In the following 
year this was moved to 28 Causeway Street and finally 
was located in the Charity Building on Chardon 
Street. The rules and regulations state: 


ment may be attended in their homes. The 
physician may authorize medical students on 
year of study to visit them under his supervision. He 
made to to him, from day to day, a. carefl 
shall give directions as 


ment of the Boston University School of Medicine in 
May, 1875, notes that “advanced students are al- 
lowed to visit patients in their homes and treat them 
under the direction of attending physicians.” 

In 1869, Dr. F. H. Krebs called to the attention of 
the Massachusetts Homeopathic Medical Society the 
fact that it held charters for the establishment of a 
medical school and hospital. In the f ing year, 
a committee of ten, consisting of Drs. David Thayer, 
W. P. Wesselhoeft, Conrad Wesselhoeft, G. N. Pease, 
Charles Cullis, I. T. Talbot, D. G. Woodbine, H. C. 
Angell, E. B. de Gersdorf and J. H. Woodbury, rec- 
ommended the establishment of a hospital. This was 
established in 1871 with 16 beds in the upper floors 
of the building at 14 Burroughs Place, the basement 
of which was occupied by the Dispensary. It was Dr. 
Israel Tisdale Talbot who co-ordinated the scattered 
forces of homeopathy and converted them into a 
united body of harmonious and successful activity. 
The hospital probably owes more to his influence 
than to that of any other person. 

At this time, a minority of the Massachusetts Medi- 


859 
16. al fistula: report of case. Ann. 
17. Leigh, T. F., Abbott, 
SPECIAL ARTICLE 
bbws history of an institution can never be more 
than the story of the people whose dedicated 
effort, loyalty and devotion give to bricks and mortar 
the intangible characteristics that create a personality. 
This account of the Massachusetts Memorial Hospi- 
tals during its first hundred years deals more with 
people and their achievements than with structural 
development because through them the character of 
the institution has emerged. Emphasis on their goals 
and accomplishments should aid in the rededication 
of another century to the all-important task of health 
service—a rededication that will involve continuing 
care of the sick, intensified effort to increase the body 
of scientific knowledge through research and broaden- 
ing the opportunities for education in the health 
professions. 
Founpinc AND Ear_y DeveLopmMent 
It was on May 19, 1855, that Governor Henry J. 
Gardner signed an act incorporating the Massachu- 
setts Homeopathic Hospital. The eleven prominent ‘"*"" *reatment. 
citizens mentioned in the Act of Incorporation includ- A supporting statement in the third annual announce- 
ed Otis Clapp, founder of a pharmaceutical firm; 
John Punchard Jewett, the publisher of Uncle Tom’s 
Cabin; and Jacob Sleeper, an eminently successful 
businessman and philanthropist. William Claflin, 
former governor of Massachusetts, and Drs. Conrad 
th 
of 
a 
by Dr. Hans Burch Gram, a n-bormn physician 
who received his medical education in Denmark. 
Although homeopathy became a popular vogue, a 
committee of the Massachusetts Medical Society is- 
sued a statement in 1850 that “commended the Soci- 
ety to do no more than avoid giving positive sanction” 


cal Society developed an attitude of extreme bitter- 
ness toward homeopathy that culminated in the 
notorious trial of 1871-1873. A record of the pro- 
ceedings is preserved in a volume of famous Massa- 
chusetts trials in the Boston Athenaeum. Among the 
accused were Dr. I. Tisdale Talbot, surgeon-in-chief 
of the Massachusetts Homeopathic Hospital, and Dr. 
David Thayer, an incorporator and staff member. 
The principle of homeopathy, however, continued 
to be popular, and under the leadership of Drs. 
Talbot, Thayer, Wesselhoeft and others, the task of 


Ficure 1. 


raising funds for a new building was undertaken. 
The Ladies’ Aid Association conducted “one of the 
most brilliant Fairs ever held in Boston,” at which 
$76,000 was realized for this purpose. A land site was 
purchased on East Concord Street between Harrison 
Avenue and Albany Street adjoining the Boston Uni- 
versity School of Medicine. The change from the 
temporary hospital on Burroughs Place to the new 
spacious building on East Concord Street (Fig. 1) 
in 1876 was hardly more agreeable to the patients 
than to the members of the staff. 

Despite the availability of a new 40-bed building, 
all operations were performed in the anatomic amphi- 
theater of the Boston University School of Medicine 
on Saturdays until 1884, when a surgical wing was 
added to the original building. This construction, in 
addition to a cottage ward for contagious diseases, was 
undertaken on land conveyed to the hospital by the 
City of Boston and raised the bed capacity to 73. 

In 1885, the School of Nursing, one of the early 
schools of nursing in New England, was founded. 
Four students graduated in 1887, the same year that 
electric lights were installed in the hospital. In the 
ensuing years, the need for expansion resulted in the 
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establishment of a medical wing and a surgical annex 
in 1892, bringing the bed capacity up to 225. This 
was made possible by a grant of $120,000 from the 
Commonwealth of Massachusetts, which was ap- 
proved by the Legislature on June 3, 1890. A mater- 
nity department at 40 West Newton Street followed 
in 1897. 

It is quite apparent in reviewing the early history 
of the hospital that significant and essential contri- 
butions were made by a loyal and spirited group of 
women. Even before the election of the first board 


} 


Massachusetts Homeopathic Hospital (Right) and Boston University School of Medicine (Left) in 1876. 


of trustees of the hospital, a group of interested 
women raised funds to aid in furnishing the hospital. 
The principals behind this effort all bore familiar 
names: Mrs. I. T. Talbot, Mrs. E. B. de Gersdorff, 
Mrs. J. H. Woodbury, Mrs. H. C. Angell and Mrs. C. 
Wesselhoeft. On December 14, 1870, they formally 
organized the Ladies’ Aid Association. Time and 
again through the years, the Board of Trustees and 
the Medical Board have voiced their appreciation to 
the members of this Association “for their liberal, 
timely, and persevering assistance which has con- 
tributed in many ways to the comfort and recovery 
of patients.” With some justification, perhaps, the 
good ladies thought that their sex should be repre- 
sented on the Medical Staff. There was no evidence 
of restraint or hesitancy in their request to the trustees. 
In fact, the name of their candidate was clearly 
mentioned in their recommendation, and Dr. 
Safford Blake was duly appointed to the Medical 
Staff in 1875. 

The assets and liabilities of the New 
England Female College were assumed by Boston 
University in 1873, and a new Medical School was 
established. The relation to the Massachusetts Home- 
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opathic Hospital is fully appreciated when it is 
realized that Dr. Israel ‘Tisdale Talbot was named 
dean and professor of surgery. Dr. John H. Wood- 
bury was registrar and professor of diseases of women. 
Dr. Conrad Wesselhoeft was professor of materia 
medica and therapeutics. Dr. David Thayer was 
professor of the practice of medicine, and Dr. E. B. 
de Gersdorff was professor of pathology. Dr. F. H. 
Krebs was professor of obstetrics, and Dr. Walter 
Wesselhoeft professor of anatomy. 

Dr. Talbot was noted for his indomitable courage, 
determined character, executive ability and resource- 
fulness. Recently, in the New England Journal of 
Medicine, Dr. Henry R. Viets, in an article on 
“Mountaineering Physicians,” noted that Dr. Talbot 
had climbed Mont Blanc in 1854. He was the second 
American to make the complete ascent. In 1853, 
he had climbed Mount Washington and in the fol- 
lowing year, on August 25-26, he left on the peak 
of Mont Blanc a pebble carried from the top of 
Mount Washington. It is, perhaps, an interesting 
commentary that today, more than a hundred years 
later, people arrive quite breathless in the adminis- 
trative offices of the Outpatient Department, located 
on the third floor of a building named in the memory 
of so peerless a mountain climber. 

By 1897, it was the opinion of the Board of Trustees 
that the expansion of the Hospitals’ activities required 
a change in administrative structure. It is not sur- 
prising that Dr. Talbot was the unanimous choice 
for the position of director of the hospital, a position 
that he held until his death in July, 1899. 

In passing, it is of interest to note, in the report of 
the Medical Board for the year 1897, the recognition 
of the need for the application of scientific principles 
in the evaluation of the efficacy of homeopathic thera- 
peutics. The impact of advances in medical sciences 
is readily apparent in the attitude of the staff. This, 
in reality, marked the beginning of a soul-searching 
inquiry. By 1900, the Medical Board recognized that 
there were some limitations to the use of thic 
medication and emphasized the fact that it was 
important not to lose sight of advances made in the 
whole field of medicine. 

Dr. William O. Mann succeeded Dr. Talbot as 
director of the hospital in November, 1899. For 
fifteen fruitful and progressive years, he conducted 
its affairs with ceaseless and tireless energy. It was 
during his administration that the hospital and dis- 
pensary were finally brought together into a single 
organization. The Homeopathic Medical Dispensary 
had continued to function at 14 Burroughs Place until 
1891, when it moved to a new building erected on 
the corner of Harrison Avenue and Stoughton Street. 
In 1906, after forty-nine years of service to the com- 
munity, the dispensary transferred all its property 
to the Massachusetts Homeopathic Hospital and be- 
came the Outpatient Department of the hospital. 
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Tue Memoriar Buitpincs 


The Massachusetts Memorial Hospitals is a group 
of five memorial buildings dedicated to the memory 
of persons particularly concerned with the growth and 
development of the institution. 

Anna White Vose Hall 

The first of the memorial was 

for by a bequest made by Mrs. Anna White Vose in 


1896. A permanent nurses’ home with accommoda- 
tions for 100 nurses in a building dedicated to the 


Ficure 2. Haynes Memorial Department of Infectious Dis- 
eases. 


memory of the donor was completed on Stoughton 
Street adjacent to what was the new dispensary build- 
ing in 1898. It was at this time that the course in the 


Training School was lengthened to three years. 
John C. Haynes Memorial 

Early in 1907, Mr. John C. Haynes, then a vice- 
president of the hospital, made a most generous offer 
to erect a building for the care of con disease. 
The building (Fig. 2), which was built for 100 
patients and was located on Corey Hill in Allston, 
was completed and turned over to the hospital on 
September 30, 1908. The total cost was nearly $300,- 
000. The first patient was admitted on October 22, 
1908. Two months later, there were in this new unit 
40 patients with diphtheria, and 82 patients with 
scarlet fever. 

Of particular interest is the fact. that before the 
building was opened the trustees voted that any physi- 
cian in good standing in the community would be 
permitted to treat his private patients in this unit. 
This action received favorable comment throughout 
the community. 


Robert Dawson Evans Memorial 


The most notable event of 1910 was the munificent 
gift, by Mrs. Marie Antoinette Evans, of a building 
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in honor of her husband to be called the Robert 
Dawson Evans Memorial for Clinical Research and 
Preventive Medicine. The building (Fig. 3) was 
erected on East Concord Street on land transferred to 
the hospital by Boston University. As time passed, 
Mrs. Evans added considerable sums of money to the 
endowment, and during her lifetime took a keen 
interest in its activities. It was the fundamental 
purpose of the donor to found an institution where 
the investigation of the cause, prevention and treat- 
ment of disease might be carried out. Dr. Frank C. 


Ficure 3. Main Hospital, with the Collamore Memorial 
in the Center, the Evans Memorial on the Left and the 
Robinson Memorial on the Right. 


Richardson, a personal friend of and physician to 
the Evans family, was appointed the first medical di- 
rector by the trustees of the hospital. 


Jennie M. Robinson Memorial 


By 1911, the work of the Maternity Department 
had increased to such an extent that adequate space 


Largely through a generous gift of Mr. Wallace 
Fullam Robinson, the Jennie M. Robinson Memorial 
(Fig. 3) for maternity and outpatients was completed 
in 1915 and dedicated on January 1, 1916. 


Helen Collamore Memorial 
On April 17, 1915, the Trustees learned of the 
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was not until April 1, 1936, however, that the new 
building (Fig. 3), intended primarily for surgical 
patients, was completed and occupied. Dr. Howard 

of these new and modern facilities. 


Israel Tisdale Talbot Memorial 

As the history of the hospital is reviewed, one can- 
not but be impressed by the significant contribution 
to its growth and development made by Dr. Talbot. 
With widespread interests and a broad point of view, 
he brought to the medical school as its dean and to 
the hospital as its first director a significant degree 
of stature and . It was with the full appre- 
ciation of his importance that the trustees commemo- 
rated their appreciation of his efforts by naming the 
original hospital building the Israel Tisdale Talbot 
Memorial. This building, which once housed all the 
hospital’s activities, was destined to become the 
present Outpatient Department. 


A New Century 


With the identification of the various memorial 
buildings that were to make up the hospital, it may 
be well to return to the events that transpired in the 
early part of the twentieth century. Dr. Conrad 
Wesselhoeft, a member of the Medical Board for more 
than thirty years and one of the vice-presidents of the 
hospital, died in 1904. He was a man of the highest 
professional attainments, recognized not only in this 
community but in medical circles all over the country 
and abroad. Both he and Dr. Talbot lived to see the 
remarkable development that followed the establish- 
ment of the original institution. 

Under the direction of Dr. W. H. Watters, the 
Pathology Laboratory provided exhibits in various 
parts of the country. Special presentations for the 
Louisiana Purchase Exposition in St. Louis, the Lewis 
and Clark Exposition and others were prepared. At 
the exposition in St. Louis, the Laboratory participat- 
ed in an exhibit on tuberculosis, for which it was 
awarded a gold medal. In 1908, the Pathology De- 
partment prepared another exhibit on tuberculosis 
for the International Congress on Tuberculosis and 
was awarded the silver medal for excellence. This 
collection was subsequently exhibited in New York 
City and was viewed by fully 800,000 visitors. 

The Social Service t was instituted in 
1909 with one of the graduates of the School of 
Nursing in charge. In 1914, a trained social worker 
was appointed. Dr. Henry M. Pollock, who succeed- 
ed Dr. Mann as superintendent of the hospital in 
1915, made an interesting comment on the function 
of this department: 
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therefore proposed the erection of a maternity build- 

ing above the one story of the Outpatient building on 

the corner of Harrison Avenue and Stoughton Street. 

death of a valued colleague. Miss Helen Collamore 

had been a trustee for thirty-eight years, and no 

member of the Hospital Committee had a more in- A the healing 
timate knowledge of the affairs of the hospital. In of t The investi- 
her will she provided funds for a new building and eye - ~ 
made the hospital one of her residuary legatees. It the seeing that treatment is not abandoned before cure 
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is effected, and that the hospital is not involved in 
newed expense by former patients returning to an 


vironment or occupation that to promote a 

currence of their trouble, is of equal importance. 

As World War E approached, personnel of the hos- 
pital joined to form United States Army Base Hos- 
pital No. 44. With 32 medical officers, 100 nurses 
and 200 enlisted personnel, the Unit was assigned to 
duty in France. At Pouges-les-Eaux, with Lieutenant 
Colonel William F. Wesselhoeft in command, this 
unit, originally organized for a 500-bed hospital and 
later changed to 1000 beds, finally ended with a 
1750-bed hospital. 

Throughout the first seventy-five years of the hos- 
pital history, the trustees were almost continuously in 
the position of a parent trying to keep a rapidly 
growing boy adequately clothed. As soon as space, 
facilities and equipment were provided, they became 
overtaxed. In this fashion, the hospital grew by leaps 
and bounds from a small 16-bed institution to a mod- 
ern hospital of more than 500 beds housed in a col- 
lection of memorial For more than half 
a century during which its doors had remained con- 
tinuously open to the public, a throng of 187,347 men, 
women, and children entered to receive medical or 
These patients came from every 
walk of life. All patients were accorded the same 
welcome, and at the disposal of each were placed all 
the facilities that the hospital afforded. Indeed, the 
sole determinants for admission were always a vacant 
bed and the possibility that benefit would accrue to 
the patient. 


Tue Massacnusetts Memoriat Hosprrars 


For some time it had been considered that the hos- 
pital’s name was restrictive and failed to convey its 
activities and liberal policies. In 1929, therefore, it 
was voted that the name be changed to the Massa- 
chusetts Memorial Hospitals to indicate the group of 
memorial buildings that comprise the institution. Al- 
though the name was certainly appropriate, its use 
introduced an interesting grammatical problem for 
those who attempt to apply a pluralized name to a 
single institution. 

The hospital suffered a great loss through the 
death of Dr. J. Emmons Briggs, for many years chief 
of surgery at the hospital and professor of surgery 
at the Boston University School of Medicine. A pro- 
gressive and able person, he had contributed much to 
the of both institutions. He was succeeded in 
1932 by Dr. Charles T. Howard, who was in turn 
followed by Dr. Ralph C. Wiggin in 1934. A few 
months before the opening of the Collamore Me- 
morial, Dr. Howard M. Clute was appointed surgeon- 
in-chief and professor of surgery. At the same time, 
Dr. Reginald H. Fitz was appointed director of the 
Evans Memorial to succeed Dr. Allan Winter Rowe, 
who died in that year. Dr. Edward S. Calderwood 
was physician-in-chief at this time. With superb 
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leadership, the hospital began to emerge from the 
black days of the depression and to look to new con- 
struction to meet the increased needs of the Evans 
Memorial. 

Dr. Chester Scott Keefer (Fig. 4) became director 
of the Evans Memorial for Clinical Research and 
Preventive Medicine as well as physician-in-chief in 
September, 1939. He brought to the institution an 
impressive ability as a teacher, a remarkable record 
as a clinical investigator and an inborn organizational 
skill. Under his supervision, reorganization and prog- 


Ficure 4. Ward Rounds with Dr. Keefer. 


ress continued. A new Evans building at 65 East 
Newton Street was opened formally on Hospital Day, 
May 12, 1942. The old Evans Memorial 

was transferred to Boston University School of Medi- 
cine and housed the administrative offices, library and 
several preclinical departments of the school. 

The supervision of professional work at the Haynes 
Memorial continued under the admirable leadership 
of Dr. Conrad Wesselhoeft until 1947, when he 
retired. Dr. Wesselhoeft was a battalion surgeon in 
the 8th Massachusetts Infantry in service on the 
Mexican border in 1916. In World War I, he was 
awarded the Distinguished Service Cross for heroism 
in action near Verdun and the Oak Leaf Cluster 
for extraordinary heroism in action during the Aisne- 
Marne offensive. He was also awarded the Silver 
Star with Gold Leaf, the Purple Heart and the Croix 
de Guerre. He is now president of the Massachusetts 
Medical Society. His successor at the Haynes Me- 
morial is Dr. Louis Weinstein, an able physician 
and productive investigator, who was a graduate of 
the Boston University School of Medicine. Under 
his direction, the Haynes Memorial has continued 
to be a recognized center for clinical research, edu- 
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flourished under the able direction of Dr. Robert W. 
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cauion and treatment in the held of infectious ¢ . 
The Evans Memorial developed swiftly in size and 
productivity. Cardiovascular research, with emphasis 
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Wilkins. Dr. Henry Lemon began studies on cancer. 
Dr. Joseph F. Ross, awarded the Certificate of Merit 
by the President of the United States for his contri- 
bution to the subject of blood preservation, carried 
on intensive studies in hematology and radioactive 
substances. Dr. Francis C. Lowell developed objec- 
tive methods for the study of asthma, and Dr. Franz 
J. Ingelfinger explored the various aspects of the 
complex field of gastrointestinal diseases. Dr. Charles 
P. Emerson carried on studies in blood preservation. 
Without the development of this information, to- 
gether with that from other laboratories, it would 
have been impossible for the United States Air Force 
deliver whole blood collected in this country to 

fighting forces in Korea. Dr. Emerson also 
out a rapid and simple technic for blood 
with easily available, inexpensive and dis- 
materials. This brief review serves but to 
skim the surface of the contributions in medicine 
forty-five years 

While supervising these important activities at the 
Evans, Dr. Keefer participated i in clinical investiga- 
tions and served in many important capacities dur- 
ing World War II; the most important, perhaps, was 
his appointment as medical administrative officer, 
Committee on Medical Research, Office of Scientific 
Research and Development. He administered the 
program of distribution of penicillin so that infor- 
mation concerning its use could be collected prompt- 
ly and passed on to the armed forces and civilians 
for the prevention and treatment of infections. He 
was awarded the Medal of Merit by the President 
of the United States and His Majesty’s Medal for 
Services in the Cause of Freedom by Great Britain. 
With the establishment of the Department of Health, 
Education and Welfare, he was appointed special 
assistant for health and medical affairs by President 
Eisenhower. When the problem of the distribution 
of vaccine for poliomyelitis was undertaken on a na- 
tional scale, he was appointed a special advisor to 
President Eisenhower. 
Smithwick Foundation 

Dr. Howard M. Clute found it necessary to resign 
as chief of surgery in 1945, because of poor health. 
His successor is Dr. Reginald H. Smithwick, inter- 
nationally recognized for his studies on the neuro- 
surgical approach to the problem of hypertension. 

In 1946, the trustees of the hospital approved the 
establishment of the Smithwick Foundation. The 
purpose of this development was to further the ad- 
vancement of surgery through patient care, research 
and teaching. It was the hope of the surgeon-in-chief 
that the Foundation would, in time, be able to sub- 
sidize the activities of a number of full-time members 
of the surgical staff. The Foundation did, in fact, 
begin the organization of a geographically full-time 
nucleus of surgeons within the Department of Surgery 
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and gave support to research, teaching and patient 
care. The success of the Foundation indicated that a 
larger group organized in a similar fashion should be 
even more successful in attaining the same objectives 
on a broader base. 

In 1948, a most noteworthy event involved the 
Surgical Services — namely, the creation of a new 
division of obstetrics and gynecology, with Dr. Benja- 
min Tenney, Jr., as the head of the new division. Dr. 
Tenney continued in this position until 1953, when 
he assumed the position of director of teaching in ob- 
stetrics at the Boston City Hospital. He is succeeded 
by Dr. Langdon Parsons as head of the Division of 
Obstetrics and Gynecology. 

Medical Associates 

The organization of the Medical Associates was 
preceded by the realization that further development 
of the group approach to the complex problem of 
medical care was needed. The nucleus of physicians 
who pioneered the organization of this particular 
group either were members of or were very familiar 
with the development and progress of the Smithwick 
Foundation. The Foundation thus served as a natural 
stepping stone for the development of the Medical 
Associates of the Massachusetts Memorial Hospitals, 
which was established as a new and separate division 
of the hospital and had its formal beginning on 
March 1, 1951. 

Although most of the participating members of the 
Associates maintained private practices, an increasing 
number of group services were developed that in- 
cluded periodic examination of executive personnel, 
the management of dispensary services for industrial 
groups, and contractual arrangements for varied 
services with a number of organizations. 

New DeveLopmMents 
_As the history of the Massachusetts Memorial Hos- 


Dr. Donald Munro, at the Haynes Memorial to deal 
with one of the most difficult and complex human 
problems, the rehabilitation of the paraplegic patient. 

Care of the patient in his home, which was pro- - 
vided by the Homeopathic Medical 


approximately 50,000 residents, 
from a low-income, multi-racial 
Students on the service include 


flect a broad understanding of health needs in terms 
of practical program development. One such occa- 
sion was the public announcement in April, 1955, of 
the establishment of a unit, under the direction of 
the Home Medical Service was established as a sep- 
arate service within the Division of Medicine, with 
Dr. Henry J. Bakst as chief. Domiciliary medical 
care was extended to 6500 patients annually, 18,000 
home visits being made within a square-mile area 
surrounding the hospi 
area is populated 
for the most part 
stratum of society. 
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not only those from the medical school but also stu- 
dents from the Boston University School of Social 
Work and third-year students from the Massachusetts 
Memorial Hospitals School of Nursing, as well as 
students from the Andover-Newton Theological 
Seminary. Thus was developed a true teamwork ap- 
proach to the provision of medical care. 

Dr. William Malamud was appointed professor of 
psychiatry and chief of the Psychiatric Service of the 
Hospitals in 1946. Under Dr. Malamud’s direction, 
this department made a spectacular development and 
was soon recognized as one of the leaders in this field. 
Well merited recognition was given to this depart- 
ment in 1954 by the award of the first United States 
Public Health Service Career Investigatorship to Dr. 
Peter Knapp, assistant visiting physician in psychiatry. 
Emphasis in psychiatry at the Massachusetts Me- 
morial Hospitals is on the prevention of major mental 
illness, mental hygiene for children, study of emo- 
tional factors in organic illness and research in the 
prevention and control of seizures. In 1955, this de- 
partment was established as a separate division in 
the hospital with Dr. Malamud as _ psychiatrist-in- 
chief and joined with medicine, surgery and obstet- 
rics and gynecology to become one of the four main 
clinical divisions of the hospital. 

It is unfortunate that the limitations of space do 
not permit mention of all of the devoted members 
of the hospital family who have contributed to its 
progress and development. Today, with the percep- 
tive and sensitive administration of Dr. Philip D. 
Bonnet and the able and understanding leadership 


of Mr. Jerome Preston, supported by a board of 
trustees instilled with the traditions of the past, the 
hospital looks forward to the discharge of its respon- 
sibilities in a manner that will continue to deserve the 
trust, admiration and respect of the community that 
it serves. 


CONCLUSIONS 


The history of the Massachusetts Memorial Hos- 
pitals reveals an unflagging concern with the prob- 
lems of health education and medical care. Many 
changes took place in the first century of the hos- 
pital’s existence. It is interesting, in looking back- 
ward, to relate these changes to processes that had 
been going on in the country as a whole. 

Today, as the hospital stands on the brink of a new 
century, new roads to health have opened and new 
problems are recognized. Since services, facilities and 
equipment once established and proved tend to be- 
come relatively fixed, it is essential, in recognizing 
the health needs of today, to attempt a reasonable 
prediction of the requirements of tomorrow. Looking 
backward with the support of experience and _his- 
torical perspective is a relatively simple task. Looking 
ahead in a complex and intricate world to which new 
knowledge is introduced at an extraordinarily rapid 
pace is a difficult and treacherous occupation. 

With courage, determination and united effort, 
however, the Massachusetts Memorial Hospitals now 
dedicates itself to another century of service and 


progress. 
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is necessary in the body, not 
only as a source of energy but also as an integral 
part of its structure and functional components, con- 
nective-tissue matrix, nucleic acids, galactolipids of 
‘brain and many proteins. The serum, for instance, 
contains more hexose as part of macromolecules 
than in the free state, and almost as much hexos- 
amine. Changes in the concentration of these sub- 
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stances occur in a wide variety of diseases. A car- 
bohydrate, hyaluronic acid, is the chief component 
of synovial-fluid mucin, which usually deteriorates in 
active rheumatoid arthritis, providing an important 
clue to the diagnosis of this disease. Hexosamine- 
containing compounds are present in relatively large 
quantities in the retro-orbital tissues of patients with 
malignant exophthalmos, and in amyloid (as pointed 
out below). Because of the importance of the struc- 
tural carbohydrates in the body, and the possibility 
that faulty metabolism of these compounds is in- 
volved in the pathogenesis of a number of diseases, 
it seemed appropriate to compile a brief summary 
of present knowledge in this rapidly expanding field. 

Since a great deal of confusion exists at present be- 
cause of conflicting nomenclature, a classification of 
these components is first reviewed. 
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CLASSIFICATION AND CHEMISTRY 


Although hexoses and hexosamines, as monomers, 
undoubtedly occur in the bound state, the most char- 
acteristic structural carbohydrates occur in polymeric 
form. The best defined of these compounds are the 
mucopolysaccharides, In contrast to glycogen, starch, 
dextrans and inulin, so-called “homopolysac- 
charides,” in which each monomer is identical with 
the next, the polysaccharides appear to com- 
prise two or more compounds, one of which is an 
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GLUCURONIC ACID N- ACE TYLGLUCOSAMINE 
Ficure 1. ones Com he Basic Disaccharide 
Unit of Acid. 


The exact site of the bond indicated by the dotted line is 
not certain. 


amino sugar. Probably the best known of these 

ides is hyaluronic acid, composed of 
D-glucuronic acid and N-acetyl-D-glucosamine. As 
shown in Figure 1, N-acetyl glucosamine differs from 
glucose in having an NH, group on C, instead of a 
hydroxyl group, and glucuronic acid differs from 
glucose in having a COOH group on position 6. The 
acetyl group is known to be attached to the amine 
group, and the linkage between glucuronic acid and 
N-acetyl glucosamine is known to be in the 1,3 posi- 
tion as shown in Figure 1.** On the other hand, 
the site of attachment between the N-acetyl-glucos- 
amine and the succeeding glucuronic acid molecule 
is not certain. Hyaluronic acid and other mucopoly- 
saccharides usually exist in loose association with a 
protein. The precise nature of this association is 
not well understood. Nevertheless, in contrast to the 
mucoproteins, it is possible to separate the compo- 


discussion of the chemistry of hyaluronic acid has 
recently been presented by Jeanloz.* 
The chemical components of several of the other 
ides are listed in Table 1 and are 
discussed below. In addition there are in the body 
a number of other acid-containing polysaccharides — 
for example, those tentatively classified under the 
names mucoitin sulfuric acid,‘ dermatoidin sulfuric 
acid®* and so forth. Nevertheless, there has as yet 
been no general agreement concerning either the na- 
ture of these compounds or their composition. In 
addition, recent studies have shown that various con- 


nective tissues contain carbohydrate fractions that are 
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free of uronic acid. One such compound is kerato- 
sulfate, which has been found in beef cornea.’ 
Furthermore, carbohydrates containing neither uronic 
acid nor hexosamine have been found in a number 
of tissues. They are composed chiefly of galactose, 
glucose and mannose, together with some fucose.** 
Their nature and importance are undefined. 
Mucoproteins are predominantly protein and yet 
contain a significant amount of tightly bound car- 
bohydrate. Although Meyer’’ has proposed the term 
“glycoprotein” for a mucoprotein containing less 
than 4 per cent hexosamine the distinction is some- 
what arbitrary and is not adhered to in this report. 
Intermediate between the 
and the mucoproteins are the blood-group sub- 
stances. Studies of extracts exhibiting blood-group 
activity have shown that this activity is displayed by 
fractions containing amino sugars and sugars, tightly 
bound to amino acids." It is probable that in nature 


poly as well 
Taste 1. Components and Distribution Mucopolysac- 
Best Characterized at 
Composition Distaution 
Hyaluronic acid N-acetyl-D-glucosamine Guid; 
D-glucuronic acid bone. 
-acetyl-D-galactosamine ; 
* 
D-glucuronic acid 
sulfate 
Alpha-heparin D-glucosamine Mast cells 
D-glucuronic acid 
sulfate 
Beta-heparin N-acetyl-D-galactosamine Mast cells (?) 
D-glucuronic acid (?) 
sulfate 
Keratosulfate N-acetyl-D-glucosamine Cornea 
Galactose 
sulfate 
as het 1 harides. Thus, chitin, the chief 


component of arthropod skin and of the exoskeletons 
of crustacea and certain fungi, is a polyacetylglucos- 
amine, and pectic acid, occurring in many plants, 
is a polyuronic acid.”* 
DistRiBuTION AND FUNCTION 

Hyaluronic Acid 

First isolated in its pure form in 1934 from vitre- 
ous humor by Meyer and Palmer,'* hyaluronic acid 
has subsequently been shown to be a major compo- 
nent of synovial fluid as well.’*** It has also been 
found in fairly high concentration in the umbilical 
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or possibly as proteins.” 
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a large amount of amorphous matrix or ground sub- 
stance has led to the extrapolation that hyaluronic 
acid is one of the components of this substance. Al- 
though hyaluronic acid has recently been found in 
heart valves"’ it has not yet been isolated from ten- 
don, aorta and hyaline cartilage, other chief sites of 
chondroitin sulfate. 

The mode of synthesis of hyaluronic acid in syn- 
ovial fluid is not fully understood. Nevertheless, it 
is believed that it bears the same relation to the meso- 


ucin” of synovial fluid is thus of 
quite different origin from the mucins of epithelial 
origin (salivary, tracheobronchial, gastric and so 
forth). The term “mucin” refers to the viscous mate- 
rial in synovial fluid, which precipitates under the in- 
fluence of acetic acid and other substances to form a 


were equal. A second group™ studied the electro- 
and obtained evidence that the dense connective 
tissues, because of their great particle-charge density, 
bind calcium ions in a concentration many times 
that in serum. Detailed studies of the binding of 
cations by the cornea are soon to be reported.” 


chondroitin sulfates. They occur in 
tration in mast cells..** 


neutral fat chylomicrons.** Whether this property 
of heparin, or its anticoagulant effect, indicates 
physiologic roles for this compound or represents a 
pharmacologic curiosity is still not clear. The former 
possibility is supported in part by the fact that cir- 
culating heparin has been found in dogs during acute 
anaphylactic shock.*® 

Beta heparin, which is more difficult than alpha 
heparin to extract from tissues, is less active as an 
anticoagulant. It more nearly approaches chondroi- 
tin sulfuric acid in its chemistry.*° 


Mucoproteins 
Mucoproteins perform a number of important 
physiologic roles, both specific and nonspecific. At 
least four gonadotrophic hormones are mucoproteins: 
mare's serum gonadotropin, human chori- 
follicle-stimulating hormone and 
interstitial-cell hormone. This is also true of thyro- 
globulin. Serum albumin and alpha, beta and gamma 
globulins also contain measurable amounts of carbo- 
hydrate. It is interesting to speculate concerning a 
possible physiologic significance of the carbohydrate 
portion of mucoproteins. Stacey*' has suggested that 
this prosthetic group is somehow connected with the 
enzyme that synthesizes proteins. In this regard it is 
of interest that the preponderance of protein in a 
chicken egg is mucoprotein (ovomucoid) and that a 
mucoprotein (fetuin) is present in large amounts in 
the serum of fetal calves.** 


Blood-Group Substances 


The blood-group substances have achieved clinical 
importance by virtue of their location on the red-cell 
membrane and their antigenicity, thus necessitating 
blood typing and matching. They are also widely 
spread through the body, having been demonstrated 
in gastric mucin, saliva, urine and cyst fluids." The 
substances from different tissues in a given person 
display the same antigenic specificity. 


cord and skin. The fact that these tissues contain Heparin 
The heparin group of compounds, especially alpha 
heparin, are even more highly charged than the 
en- 
certain organs, notably liver capsule, lung and heart, 
presumably because of the mast cells therein. The 
anticoagulant property of heparin is thought to be 
a manifestation of the ability of this negatively 
. charged colloid to enter into loose physicochemical 
combination with certain plasma proteins.** This 
dermal cells surrounding the synovial cavity that property is not peculiar to heparin but is shared by 
hyaluronic acid in ground substance bears to the other synthetically sulfated polysaccharides. 
Another interesting property of heparin is its 
ability, on intravenous injection into animals and 
the polysaccharide of an enzyme in the plasma, lipo- 
rotein lipase, which catal the hydrolysis of the 
ropy, fibrous clot.’ Synovial fluid contains both poly- 
saccharides and proteins, and the “mucin” precipi- 
tate also contains both substances. The nature of the 
association between hyaluronic acid and protein in 
normal synovial fluid is not clear.**'*"*?° Although 
much of the viscosity of normal synovial fluid can be 
attributed to the long hyaluronic acid polymers, the 
degree to which this may be increased by the asso- 
ciation with protein is not certain. 
Sulfated Mucopolysaccharides 
The sulfated mucopolysaccharides are found pri- 
marily in the supporting tissues of the body. Of this 
group of compounds, the chondroitin sulfates are 
the best known. They are the chief component of 
cartilage, and also occur in the walls of the large 
blood vessels and in tendons, heart valves and 
skin.**** Although chondroitin sulfates are known 
to be composed of D-glucuronic acid, N-acetyl-D- 
galactosamine and sulfate, the exact structural for- 
mula is not certain. There is good evidence, based on 
optical rotation studies and differing enzymatic reac- 
tions, that chondroitin sulfate from skin is in some 
respects different from the chondroitin sulfate of 
cartilage.** 
It seems probable that the chondroitin sulfates, 
being poly-acids, with large negative surface charge, 
have a marked cation-binding capacity. Recent 
studies support this view. One group of investiga- 
tors*® measured the binding of electrolytes by ground 
cartilage, packed in glass columns. They demonstrat- 
ed that the binding was an ion-exchange reaction — 
due primarily to the chondroitin sulfate present. 


Mucins of Epithelial Origin 


The mucins of epithelial origin are poorly charac- 
terized both chemically and functionally. Since they 
are not of mesenchymal origin they do not properly 
belong in this review. Nevertheless, two of their 
specific actions are known and might be mentioned 
briefly. A mucoprotein from gastric secretion has 
been shown to exhibit marked intrinsic-factor ac- 
tivity in pernicious anemia," and raises the question, 
Could this substance represent Castle’s intrinsic 
factor ? Secondly, 
stances in gastric secretion and sputum have been 
found experimentally to influence the action of cer- 
tain bacteria and viruses.**** Could compounds of 
this sort in the lung and bronchi participate in host 
resistance and susceptibility to respiratory infection ? 


It is evident from the summary presented above 
that the muc P | y harides and related compounds 
are common components of many tissues and bio- 
logically active substances. The metabolism of these 
components, in vivo, has not been extensively inves- 
tigated. It seems fairly certain that the chondro- 
blasts are responsible for the formation of chon- 
droitin sulfuric acid in cartilage, and recent studies 
strongly suggest that hyaluronic acid is synthesized 
by fibroblasts.** The site of synthesis of heparin has 
not been definitely established, although histochemi- 
cal evidence suggests that the mast cells are in- 
volved.** 

Studies of the rate of metabolic exchange of the 
mucopolysaccharides in various tissues, with the use 
of S* and C™, have indicated that this exchange is 
active. Studies of the sulfated mucopolysaccharides 
have been carried out chiefly with S**. In one report 
of a series of experiments the radioactivity of the 
ester sulfate of mucopolysaccharide from rat skin. 
separated electrophoretically, reached a maximum 
twenty hours after (intravenous) injection of S*’, 
and declined at a rate indicative of a half life of 
approximately ten days.** The uptake of S**-labeled 
sulfate by cartilage slices has also been demonstrated 
after incubation in vitro both under basal conditions 
and under the influence of various steroids.**:** 

Hyaluronic acid also has an active metabolic ex- 
change. In one study of hyaluronic acid and sulfated 
ide fractions obtained from rabbit 
skin, after edudahinethen to the animal of C'*-labeled 
acetate and glucose, the rate of incorporation of C*™ 
in hyaluronic acid was approximately three times 
that into the sulfated haride fraction.” 
Other studies showed that the rate of incorporation 
of C**-labeled acetate by hyaluronate and chon- 
droitin sulfate of skin was reduced to approximately 
a third in diabetic rats.* 


Biosynthesis of Hyaluronic Acid in Vitro 
Understanding of the process by which the body 
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synthesizes a compound requires two steps: demon- 
stration of the precursors and over-all pathways by 
isotopic technics, and elucidation of the enzymatic 
mechanisms involved in these conversions. The over- 
all pathways were clarified by the work of Roseman 
et al.*"*** who demonstrated, by isotopic technics, 
with intact Group A streptococci, that glucose was 
incorporated in the glucosamine and glucuronic 
acid of hyaluronic acid without scission of the glucose 
molecule and that glucosamine could be incorporated 
into the hyaluronic acid without previous deamina- 
tion. 

Knowledge of the enzymatic mechanisms involved 
in the formation of polysaccharides stems from the 
observations of Leloir and his associates. #48 In 1949 
they obtained extracts of galact ig yeasts, 
Saccharomyces fragilis, which the conver- 
sion of galactose-1-PO, to glucose-1-PO,. In addi- 
tion to a thermolabile enzyme “galacto-Waldenase,” 
a thermostable factor or coenzyme was found to be 

” Analysis showed it to be uridine di- 
phosphate glucose (“UDPG”). This substance was 
also found in yeast that did not ferment galactose, 
suggesting that it might possess some other action. 
In searching for other functions for this coenzyme 
they found that it was involved in the synthesis of 
disaccharides from monosaccharides, the glucose of 
the UDPG being transferred to the monosaccha- 
ride.**-** 

Studies on partially purified preparations of this 
coenzyme, obtained from yeast, revealed the presence 
of an analogous compound, uridine diphosphate 
N-acetyl glucosamine."’ Leloir and his associates'” 
therefore wondered whether this compound might 
be involved in the metabolism of hexosamine phos- 
phates and in its incorporation into mucopolysac- 
charides. To study this possibility, they centered 
their attention on a mold, Neurospora crassa, on the 
assumption that since molds have walls containing 
large amounts of chitin (a polyhexosamine) they 
must contain a mechanism for synthesizing this sub- 
stance. They demonstrated that cell-free extracts, 
upon the addition of glutamine, could synthesize 
glucosamine-6-PO, from fructose-6-PO,.°**' Uridine 
diphosphate acetylglucosamine was not necessary for 
this reaction. 

In the meantime, other investigators had demon- 
strated that uridine diphosphate glucuronic acid was 
the donor for the glucuronide portion of phenyl 
glucuronide’? and, more recently, that uridine di- 
phosphate glucuronic acid is synthesized from 
uridine diphosphate glucose enzymatically in vitro.” 
This finding provided for the first time a probable 
explanation of the mechanism by which the body 
synthesizes glucuronic acid, which is important not 
only as a component of mucopolysaccharides but also 
in the “detoxification” of acetyl salicylic acid, chlor- 
amphenicol, morphine, thyroxine, many steroids and 
other substances.** Recent studies of Isselbacher 
and Axelrod® showed that uridine diphosphate glu- 
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curonic acid was the glucuronide donor in the in 
vitro synthesis of the glucuronide of tetrahydrocorti- 
sone and suggested that this might apply to other 
glucuronides as well. 

The possibility that uridine diphosphate-N-acetyl- 
glucosamine is involved in the synthesis of polymers 
of N-acetyl hexosamine, such as chitin and hyalu- 
ronic acid, has been under investigation by several 
groups. Recently, evidence has been presented that 
this may indeed be so. .Glazer and Brown,** using 
cell-free homogenates of Rous chicken sarcoma, dem- 
onstrated the synthesis of short-chain oligosaccha- 


The concentration of protein-bound carbohydrate 
has been determined in the serum of normal persons 
and in patients with various diseases. Different in- 
vestigators use different methods. Some measure the 
total nonglucose serum carbohydrate (Seibert®°), 
others the “nonglucosamine polysaccharide” (Shet- 
lar*'), the glucuronate containing polysaccharide 
(Schubert™), and the carbohydrate bound by pro- 
teins that are soluble in strong acids (Winzler® and 
Greenspan“) , and still others simply the serum hexos- 
amine (Boas®) . There is considerable overlap 
among these various fractions, and their significance 


GAYCOGEN 


Ficure 2. Tentative Scheme for the Interconversion of the Body-Sugar Components Based on in Vitro Enzymatic Studies. 
The interrupted arrows are postulated reactions. eee the steps designated by the letters a, b, c and d is avail- 


rides of the hyaluronic acid type after incubation with 
uridine diphosphate-N-acetylgl ine, or its pre- 
cursors, and precursors of uridine diphosphate glu- 
curonic acid. By means of these and other studies it 
is possible to draw a tentative scheme for the mech- 
anism of the interrelation between glucose and some 
of the carbohydrate intermediates (Fig. 2). 
Demonstration of the importance of uridine di- 
phosphate in the synthesis of substances containing 
hexoses and hexosamines has theoretical connotations 
beyond this individual system. This observation, to- 
gether with the earlier documentation of the role of 
adenylic derivatives in catalytic processes, suggests 
the possibility that the other purine and pyrimidine 
bases found in nucleic acids will prove to be parts of 
8° Indeed, of the known nucleic acid 
bases, all but 5-methyl cytosine and thymine have 
been demonstrated to be components of coenzymes. 


Curmicat Impuications 
Application of this growing bulk of information 
to human diseases has been slow to develop. As in 
many other areas of clinical investigation, studies on 
the composition of body fluids, especially the blood, 
have far outnumbered those of tissue. 


is not entirely understood. All these studies show the 
same trend — that the protein-bound carbohydrate 
content of the serum is significantly elevated in neo- 
plastic diseases, rheumatic fever, rheumatoid arthri- 
tis, lupus erythematosus disseminatus, pregnancy, 
diabetes mellitus associated with vascular complica- 
tions, tuberculosis, myocardial infarction, obstructive 
liver disease, irradiation and aging.“’** A decrease 
in at least one of these fractions in the serum of 
patients with diffuse parenchymal liver disease has 
been reported.** The elevated levels observed in 
patients with acute rheumatic fever and lupus erythe- 
matosus disseminatus fall to normal after clinically 
effective treatment with ACTH or cortisone.*” 

Some authors have suggested that the increased 
serum protein-bound carbohydrate level in inflam- 
matory diseases of connective tissue and in the pres- 
ence of tissue necrosis may reflect flooding of the 
extracellular fluids with the products of tissue break- 
down. Conversely, it has been theorized that the 
increased serum hexosamine in diabetic patients with 
vascular complications may reflect an increased rate 
of synthesis of m 

Unfortunately, insufficient Rape work has 
been carried out in either human subjects or animals 
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Mucins of Epithelial Origin 

The mucins of epithelial origin are poorly charac- 
terized both chemically and functionally. Since they 
are not of mesenchymal origin they do not properly 
belong in this review. Nevertheless, two of their 
specific actions are known and might be mentioned 
briefly. A mucoprotein from gastric secretion has 
been shown to exhibit marked intrinsic-factor ac- 
tivity in pernicious anemia,” and raises the question, 
Could this substance represent Castle's intrinsic 
factor ? Secondly, carbohydrate 
stances in gastric secretion and sputum have been 
found experimentally to influence the action of cer- 
tain bacteria and viruses.**** Could compounds of 
this sort in the lung and bronchi participate in host 
resistance and susceptibility to respiratory infection? 


It is evident from the summary presented above 
that the mucop harides and related compounds 
are common components of many tissues and bio- 
logically active substances. The metabolism of these 
components, in vivo, has not been extensively inves- 
tigated. It seems fairly certain that the chondro- 
blasts are responsible for the formation of chon- 
droitin sulfuric acid in cartilage, and recent studies 
strongly suggest that hyaluronic acid is synthesized 
by fibroblasts.** The site of synthesis of heparin has 
not been definitely established, although histochemi- 
cal evidence suggests that the mast cells are in- 
volved.** 

Studies of the rate of metabolic exchange of the 
mucopolysaccharides in various tissues, with the use 
of S** and C™, have indicated that this exchange is 
active. Studies of the sulfated mucopolysaccharides 
have been carried out chiefly with S**. In one report 
of a series of experiments the radioactivity of the 
ester sulfate of mucopolysaccharide from rat skin. 
separated electrophoretically, reached a maximum 
twenty hours after (intravenous) injection of S*°, 
and declined at a rate indicative of a half life of 
approximately ten days.** The uptake of S*°-labeled 
sulfate by cartilage slices has also been demonstrated 
after incubation in vitro both under basal conditions 
and under the influence of various steroids.**** 

Hyaluronic acid also has an active metabolic ex- 
change. In one study of hyaluronic acid and sulfated 

haride fractions obtained from rabbit 
skin, after odulaimedien to the animal of C’*-labeled 
acetate and glucose, the rate of incorporation of C’ 
in hyaluronic acid was approximately three times 
that into the sulfated p haride fraction.*” 
Other studies showed that the rate of incorporation 
of C-labeled acetate by hyaluronate and chon- 
droitin sulfate of skin was reduced to approximately 
a third in diabetic rats.*” 


Biosynthesis of Hyaluronic Acid in Vitro 
Understanding of the process by which the body 
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synthesizes a compound requires two steps: demon- 
stration of the precursors and over-all pathways by 
isotopic technics, and elucidation of the enzymatic 
mechanisms involved in these conversions. The over- 
all pathways were clarified by the work of Roseman 
et al..“"** who demonstrated, by isotopic technics, 
with intact Group A streptococci, that glucose was 
incorporated in the glucosamine and glucuronic 
acid of hyaluronic acid without scission of the glucose 
molecule and that glucosamine could be incorporated 
into the hyaluronic acid without previous deamina- 
tion. 

Knowledge of the enzymatic mechanisms involved 
in the formation of polysaccharides stems from the 
observations of Leloir and his associates.**-** In 1949 
they obtained extracts of galactose-fe ting yeasts, 
Saccharomyces fragilis, which the conver- 
sion of galactose-1-PO, to glucose-1-PO,. In addi- 
tion to a thermolabile enzyme “galacto-Waldenase,” 
a thermostable factor or coenzyme was found to be 
necessary.‘ Analysis showed it an, be uridine di- 
phosphate glucose (“UDPG”). This substance was 
also found in yeast that did not ferment galactose, 
suggesting that it might possess some other action. 
In searching for other functions for this coenzyme 
they found that it was involved in the synthesis of 
disaccharides from monosaccharides, the glucose of 
the UDPG being transferred to the monosaccha- 
ride.**-** 

Studies on partially purified preparations of this 
coenzyme, obtained from yeast. revealed the presence 
of an analogous compound, uridine diphosphate 
N-acetyl glucosamine.’ Leloir and his associates” 
therefore wondered whether this compound might 
be involved in the metabolism of hexosamine phos- 
phates and in its incorporation into mucopolysac- 
charides. To study this possibility, they centered 
their attention on a mold, Neurospora crassa, on the 
assumption that since molds have walls containing 
large amounts of chitin (a polyhexosamine) they 
must contain a mechanism for synthesizing this sub- 
stance. They demonstrated that cell-free extracts, 
upon the addition of glutamine, could synthesize 
glucosamine-6-PO, from fructose-6-PO,.°°*' Uridine 
diphosphate acetylglucosamine was not necessary for 
this reaction. 

In the meantime, other investigators had demon- 
strated that uridine diphosphate glucuronic acid was 
the donor for the glucuronide portion of phenyl 
glucuronide** and, more recently, that uridine di- 
phosphate glucuronic acid is synthesized from 
uridine diphosphate glucose enzymatically in vitro." 
This finding provided for the first time a probable 
explanation of the mechanism by which the body 
synthesizes glucuronic acid, which is important not 
only as a component of polysaccharides but also 
in the “detoxification” of acetyl salicylic acid, chlor- 
amphenicol, morphine, thyroxine, many steroids and 
other substances.** Recent studies of Isselbacher 
and Axelrod® showed that uridine diphosphate glu- 
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curonic acid was the donor in the in 
vitro synthesis of the glucuronide of tetrahydrocorti- 
sone and suggested that this might apply to other 
glucuronides as well. 

The possibility that uridine diphosphate-N-acetyl- 
glucosamine is involved in the synthesis of polymers 
of N-acetyl hexosamine, such as chitin and hyalu- 
ronic acid, has been under investigation by several 


The concentration of carbohydrate 
has been determined in the serum of normal persons 
and in patients with various diseases. Different in- 
vestigators use different methods. Some measure the 
total nonglucose serum carbohydrate (Seibert**), 
others the “nonglucosamine polysaccharide” (Shet- 
lar*'), the glucuronate containing polysaccharide 
(Schubert™), and the carbohydrate bound by pro- 
teins that are soluble in strong acids (Winzler® and 
Greenspan“) , and still others simply the serum hexos- 
(Boas®**). There is considerable 
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Figure 2. Tentative Scheme for the Interconversion of the Body-Sugar Components Based on in Vitro Enzymatic Studies. 


The interrupted arrows are postulated reactions. Evidence 


rides of the hyaluronic acid type after incubation with 
uridine diphospha tylgl ine, or its pre- 
cursors, and precursors of uridine diphosphate glu- 
curonic acid. By means of these and other studies it 
is possible to draw a tentative scheme for the mech- 
anism of the interrelation between glucose and some 
of the carbohydrate intermediates (Fig. 2). 
Demonstration of the importance of uridine di- 
phosphate in the synthesis of substances containing 
hexoses and hexosamines has theoretical connotations 
beyond this individual system. This observation, to- 
gether with the earlier documentation of the role of 
adenylic derivatives in catalytic processes, suggests 
the possibility that the other purine and 
5° Indeed, of the known nucleic acid 
ps all but 5-methyl cytosine and thymine have 
been demonstrated to be components of coenzymes. 


Curmicat 
Application of this growing bulk of information 
to human diseases has been slow to develop. As in 
many other areas of clinical investigation, studies on 
the composition of body fluids, especially the blood, 
have far outnumbered those of tissue. 


or the steps designated by the letters a, b, ¢ and d is avail- 


is not entirely understood. All these studies show the 
same trend — that the protein-bound carbohydrate 
content of the serum is significantly elevated in neo- 
plastic diseases, rheumatic fever, rheumatoid arthri- 
tis, lupus erythematosus disseminatus, pregnancy, 
diabetes mellitus associated with vascular complica- 
tions, tuberculosis, myocardial infarction, obstructive 
liver disease, irradiation and aging.“’** A decrease 
in at least one of these fractions in the serum of 
patients with diffuse parenchymal liver disease has 
been ** The elevated levels observed in 
patients with acute rheumatic fever and lupus erythe- 
matosus disseminatus fall to normal after clinically 
effective treatment with ACTH or cortisone.*” 
Some authors have suggested that the increased 
serum protein-bound carbohydrate level in inflam- 
matory diseases of connective tissue and in the pres- 
ence of tissue necrosis may reflect flooding of the 
extracellular fluids with the products of tissue break- 
down. Conversely, it has been theorized that the 


increased serum hexosamine in diabetic patients with 
vascular complications may reflect an increased rate 
of synthesis of mucoproteins.* 

Unfortunately, insufficient experimental work has 
been carried out in either human subjects or animals 


groups. Recently, evidence has been presented that 

this may indeed be so. .Glazer and Brown,” using 

cell-free homogenates of Rous chicken sarcoma, dem- 

abl® 


870 


to permit clear understanding of how the mucopoly- 
saccharides and mucoproteins of the tissues are re- 
lated to those of the serum. In one interesting series 
of animal experiments, however, Boas” has obtained 
evidence that the elevation of plasma hexosamine in 
response to the stress of surgery is hormonally me- 
diated, presumably by the thyroid or pituitary gland. 
Although this response was not inhibited by adrena- 
lectomy, it was inhibited by hypophysectomy or by 


nonspecific fractions discussed above, there have been 


3 


cosity and that the addition of acetic aci 
the precipitation of an abnormally loose and 
ded clot. Studies have shown that these changes 
cannot be accounted for on the basis of simple 

in concentration of hexosamine and protein.’***-** 
It is likely that some qualitative change has taken 


been shown to occur in granulation tissue, wound 
healing, rapidly growing tissues such as embryos and 
neoplasms, accumulations of fibrinoid in rheumatoid 
arthritis and other diseases, the hearts of patients 
with myocarditis due to rheumatic fever or lupus 

disseminatus, amyloid deposits, at sites 
of normal and ectopic calcification, in the walls of 
the retinal and glomerular vessels in many patients 
with diabetes mellitus, and in the walls of large blood 
vessels of patients with intimal fibrosis, and of ani- 
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mals before the development of experimental arterio- 
sclerosis.**-*" Histochemical studies indicate a de- 
crease in tach taining material during 


wound healing in scorbutic animals”* and in animals 
receiving cortisone.” 

The pronounced metachromasia of the provisional 
zone of calcification is of special interest in view of 
the studies of Engel et al.** on calcium binding by 
connective tissue. These authors suggest the possi- 
bility that this metachromasia reflects “disagglutina- 
tion” of the large colloids, with decrease in their 
charge density and release of calcium ions, thus 
favoring the formation of calcium phosphate crystals. 
Howard and his associates’* have observed that meta- 
chromasia has also been found to be a characteristic 
of the “matrix” of certain kidney stones and in sites 


In interpreting data based on histochemical evi- 
dence alone, one must bear in mind the evidence that 
metachromasia is by no means specific for the sul- 


fated acid ides. The reaction is also 
concentrations and 


Chemical Studies of Tissues 


In patients with certain pathologic states chemical 
analyses of tissues for ide content have 
been of areas of the involved 


performed. Analyses 

skin of 2 patients with pretibial myxedema have 
demonstrated a much greater concentration of hya- 
luronic acid than in the uninvolved skin.** After 
thyroidectomy, guinea pigs and rats manifest an 
increase in the concentration of hexosamine in the 
retro-orbital tissue.** This does not occur if the 
animals are h hysectomized, suggesting a possible 
relation between the pituitary gland and hexosamine 
metabolism. 

Quantitative studies performed on deposits of 
amyloid in human beings and horses with secondary _ 
amyloidosis have suggested that this material is a 

cosamine, galactosamine, uronic acid and several 
hexoses together with a large amount of protein. 
The exact nature of these materials and the reason 
for their accumulation in this disease are not known. 

Comparison of the composition of subcutaneous 
nodules in patients with acute rheumatic fever with 
the skin from corresponding areas in control patients 
indicate that both tissues contain the same carbohy- 
drates: glucosamine, galactose, mannose and glucose. 
Nevertheless, the nodules contain much _ larger 
amounts of carbohydrate, in addition to collagen and 
elastin.” 
quantitation of the carbohydrate components of 
normal connective tissues and body fluids becomes 
available, more definitive studies of the alterations 


the demonstration of a high serum hexosamine con- 

centration in a patient with Addison’s disease during 

high fever.** In addition to studies on the relatively 

a few observations on specific and fairly well charac- 

terized mucoproteins. One of these is the alpha, 

acid glycoprotein isolated by Schmid" from serum of ectopic calcification, suggesting that the areas of 
and synovial fluid. increased metachromatic staining represent sites of 

of polymerization of hyaluronic acid or, in addition, 

to alterations in the polysaccharide protein complex. 

Whether this abnormality represents excessively 

rapid breakdown of the long-chain molecule or faulty 

synthesis of hyaluronic acid is not known. Attempts 

to demonstrate hyaluronidase activity in the synovial 

fluids of normal persons or patients with rheumatic ; 
diseases have not been successful."* 

almost entirely on histochemical technics, chiefly 

metachromasia on staining with toluidine blue. In- 

creased metachromasia of the ground substance has 
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in disease are being undertaken. It is 2 em 
that an understanding of the physiology of these 
components will clarify knowledge of the patho- 
genesis of some of the more stubborn chronic diseases. 
bility for the 
made this we ae indebted Bre, frome Gram 
Roger Jeanloz, Marian Ropes and Karl Schmid, of the 
ts General ital Connective Tissue 
Group, and to Dr. Endre A. Balasz, of the Retina Founda- 
tion, for suggestions. 
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THE USE OF A POLYETHYLENE 
CATHETER IN PERICARDIAL 
PARACENTESIS* 


James A. Fatiows, M.D.,¢ anp 
Bernarp H. Pastor, M.D.t 


PHILADELPHIA 


PERICARDIAL is is often a useful and 

necessary procedure, but its application has been 

limited by its danger.’ Although there is relatively 
4 


Ficure Equipment for Pericardial Paracentesis. 
1=50-ce. Lok syringe. 2=three-way stopcock. 
Rubber tubing. 4= 18-gauge needle. 5= No. 190 polyethylene 

tubing. 6=13-gauge needle. 


little risk from perforation of the ventricular wall, 
hemopericardium may result from injury to a coro- 
_tFormerly, senior resident in medicine, Veterans Administration Hos- 
Chief, Cardiovascular Section, Veterans Administration Hospital. 


nary vessel or perforation of the thin-walled atrium. 
In addition to the hazard of the initial puncture, any 
movement of the needle or change in the position of 
the patient is attended by a risk. 

A simple and relatively safe technic for the aspira- 
tion of pericardial fluid has been devised. A poly- 
ethylene catheter is introduced into the pericardial sac 
through a paracentesis needle, which is then with- 
drawn, leaving the catheter in place. The patient 
may then be moved about freely so that the maximum 
amount of fluid can be removed. 


Ficure 2. Equipment Shown in Figure 1 Assembled for Use. 


to this procedure, although the more diffi- 
cult ones (such as the epigastrium) are generally 
unnecessary. With routine aseptic precautions, the 
site of the puncture is prepared, and the skin and 
deeper tissues are infiltrated with procaine. Through 
a small skin incision, a short-bevel, 8-cm., 13-gauge 
needle connected to a syringe, is inserted into the peri- 
cardium in the usual manner.'*? When a free flow of 
pericardial fluid is obtained, the syringe is detached, 
and No. 190 polyethylene tubing with the tip directed 
downward is introduced through the needle so as to 
extend 5 to 10 cm. beyond the needle point. The 
needle is then withdrawn, leaving the catheter in 
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place. An 18-gauge needle is inserted into the end of 
the tubing, a three-way stopcock and syringe are at- 
tached, and the fluid is aspirated. A length of rubber 
tubing attached to the other arm of the stopcock per- 


Fioure 3. Aspiration of Pericardial Fluid through the Poly- 


mits the syringe to be emptied into a receptacle with- 
out the necessity of detaching it (Fig. 1-3). Any other 
aspirating device, such as a vacuum bottle, could 
equally well be employed with the catheter. 

If pericardial fluid is still present but the flow stops, 


ight Anterior Oblique 


the 
O per 
A 


hest, 

atheter Cent 
on. 

maneuvers should be small 

be injected to clear the tubing. 

be either by simple 

by means of the x-ray tilt 


several 
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table, so that the catheter tip is in a dependent posi- 
tion. The tubing can be rotated, or its depth adjusted 
to reach the fluid. If necessary, the tubing, which is 
not radiopaque, can be filled with 30 per cent 
Urokon, so that it can be visualized fluoroscopically 


aspiration is easier 
and more effective. The patient feels no discomfort 
throughout the procedure, and shows no untoward 
effects, despite changes of position and tion 
by wheelchair to the x-ray department. An electro- 

i with the catheter in place shows no pre- 
mature beats or other changes. 


Summary AND CONCLUSIONS 


Pericardial aspiration with a rigid needle is limited 
the danger of perforation of the coronary vessels 


S. A. Fourth edition. 556 pp. 


Sea Fourth edition. 1015 pp. New York: 


MORE GIANTS IN THE EARTH 


E f random harvest, gleaned from the 
Boston Medical Intelligencer, published in 1825, 
pertains to two eighteenth-century fellows of the 
Massachusetts Medical Society who became eminent 
doctors afield. It comes to the Journal from Dr. 

Lawrence R. Dame, of Greenfield. 
Dr. Eustis, Governor and 


ing the cam . 
Federal 


The Hon. Joun Brooxs, M.D. late Governor of Mas- 
life at his residence in Medford, 
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or roentgenographically (Fig. +). 
£ or um. 
a A technic for the substitution of a polyethylene 
catheter for the needle is described. 
safer and more effective. 
REFERENCES 
1. 
“= ' this life on Sunday last, at seven o'clock, in the seventy- 
.* , fifth year of his age. He has been in public life for half 
a century, commencing his career at Cambridge in 1775, 
as a surgeon in the American army. In 1787, he was ap- 
™ pointed surgeon-general to Lincoln’s forces, raised to 
. suppress Shays’ insurrection, and was surgeon, adviser 
7 and Since the —— of 
zs the been ge y em- 
3 aor nted Boston in the 
: a islature of this Commonwealth for several years; then 
ss was sent to Co from the district of Suffolk — has 
‘ 4 been Forei Minister, Secretary at War, yy = 
4 “4 tive of Norfolk, and has been twice elected to office 
/ ; in which he died, Governor of the Commonwealth of 
Massachusetts. —- The heroes of the revolution are falling 
i me ane ei around us as the last leaves of the tree in the autumnal 
blast. —- Gazette.' 
about 2 o’clock on Tuesday morning last, aged 73 
amount the active duties of his profession il confined by the 
Influenza, which terminated an earthly career most 
turning smiles on the last moments of the good. Notwi 
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of dark 
yf. « 
large and 


157.5 cm. a height and 


obesity was most marked 


because of failure to become pregnant. She received There was a 
numerous hormone injections. Subsequently, she a 
delivered of a stillborn infant and of an infant who thighs, and 
lived for two days, each at eight months’ i 


CASE 41461 
PRESENTATION OF Case 


A twenty-seven-year-old woman of French extrac- 


CASE RECORDS 
FOUNDED BY RICHARD C. CABOT 
Benjamin CastLeMAN, M.D., Editor 


Vircinta W. Towne, Assistant Editor 


Weekly 


Seven years before admission the patient, who had 


been married for three years, consulted a physician 
present. 
and of two full-term normal infants. The last three nana 


tion entered the hospital complaining of amenorrhea, 


hirsutism and obesity. 


deliveries were by cesarean sectic 
final one, three years before admi 
tubes were tied. According to 
BEA Al. unable to nurse her last infant 
though profuse, was “not rich eno 
post partum the patient had a norn 
by two or three periods occurri 
dates, but characterized by spot 
usual flow. After this there were 
About the time of onset of ame 
the appearance of hair on the lips 
required shaving twice a day. In 
admi t increased 
six months 
t. She expe 
ee no hot flash 
en. Before 
every thirty 
e as said to ha 
-seven of 
D sisters had a f 
for carcinoma of 
revealed 
weighing 
in the at 
minent dorsal fat 
ir on 
on 
dulo 
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striae. The lower abdomen was slightly tender, espe- 
cially on the right side. Pelvic examination revealed 
apparent slight enlargement of the clitoris and a mod- 
erate vaginitis. The uterus was in the anterior portion 
of the pelvis and was somewhat small. No masses 
were palpable on pelvic, rectal or abdominal ex- 
amination. 

The temperature was 98.6°F., the pulse 92, and 
the respirations 21. The blood pressure was 110 sys- 
tolic, 75 diastolic. 

Urinalysis was negative except for a + test for 
albumin and a sediment containing 40 white cells and 
15 red cells per high-power field. Examination of the 
blood revealed a in of 15 gm. per 100 cc. 
and a white-cell count of 10,750, with a normal dif- 
ferential. An eosinophil count three hours after a 
meal was 384 per cubic millimeter. A glucose toler- 
ance test revealed a fasting blood sugar of 107 mg., 
a level of 187 mg. at half an hour, 186 mg. at one 
hour, 97 mg. at two hours and 66 mg. per 100 cc. at 
three hours. There was no glycosuria. Urinary 17- 
ketosteroid levels on four successive days ranged from 
9.6 to 13 mg. per twenty-four hours. Urinary estrogen 
levels on four successive days ranged from 79 to 122 


microgm. per twenty-four hours. FSH (follicle-stimu- 


lating hormone) urinary excretion tests were negative 
for 96 and 192 mouse units per twenty-four hours 
on two occasions. A vaginal smear was reported as 
“atrophic.” An attempted endometrial biopsy yielded 
no tissue. A barium-enema examination was negative. 
Presacral retroperitoneal air injection gave excellent 
visualization in the x-ray films of the adrenal glands, 
which appeared normal in size and shape. Culdoscopy 
showed numerous adhesions in the pelvis. The uterus 
and right tube appeared normal. The left tube and 
ovary were not seen. The right ovary was only par- 
tially seen, and this portion did not seem enlarged or 


On the fifth hospital day an operation was per- 
formed. 


DirrerentTiaL DiacGnosis 


Dr. Anne P. Forses*: I think all the important 
information in the history is given in the first sen- 
tence: “A twenty-seven-year-old housewife of French 
extraction entered the hospital complaining of amen- 
orrhea, hirsutism and obesity.” Most of the other data 
can be eliminated as not helpful. Although the pa- 
tient had consulted a physician for sterility and re- 
ceived hormone injections, sterility turns out not to 
have been present because she subsequently had four 
pregnancies. She was delivered of a stillborn infant 
and another that lived for two days. The only en- 
docrine condition for which that would be useful in- 
formation is diabetes, but later we find that she did 
not have diabetes and she subsequently had a normal 
baby. She was unable to nurse the infant because the 


*Assistant physician, Massachusetts General Hospital. 
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milk was of the wrong quality. That is maintained 
After the pregnancy the periods became scanty, and 
after two or three scanty periods, they stopped alto- 
gether. About the same 
time, at the age of twenty-four, she noticed the ap- 
pearance of hair. The age at which she noted the 
appearance of hair is important. The weight increased 
from 155 to 230 pounds in about two years. A weight 
of 155 pounds for her height was already plump. The 
gain was impressive but not alone very useful. She 
dieted and could not lose the weight. That is not 
helpful. In theory the patient whose obesity is on the 
basis of adrenocortical hyperfunction ought to lose 
weight more rapidly on a diet than the normal per- 
son; actually, the ining factor is always the 
way in which the diet is followed. She had no loss 
of libido; loss of libido is not characteristic of any of 
the hirsuti ducing syndromes that I have to con- 
sider. There were no hot flashes; I do not suspect the 
menopause as the cause of hirsutism. That the pe- 
riods were regular to the age of twenty-four, I do 
think is something to remember. The clitoris was ap- 
parently slightly enlarged. I imagine that of 5 ob- 
servers, 3 said it was enlarged, and 2 said it was not. 
At any rate that is not going to help since it was not 
clearly enlarged. There was no h ion, which 
is useful in ruling out too much production of ad- 
renal corticoid. The hemoglobin of 15 gm. per 100 
cc. I think ought to be mentioned. Dr. Philip H. 
Henneman pointed out that that is the average nor- 
mal value for a male but is higher than the average 
for a female. Most females with virilizing syndromes 
tend to have hemoglobin levels that are normal for 
males. The white-cell count was 10,000, with a nor- 
mal differential. Dr. Scully, would you mind giving 
me the percentage of lymphocytes? 

Dr. Rosert E. Scutty: The lymphocytes were 35 
per cent. 

Dr. Forses: That percentage with the high eosino- 
phil count is further evidence against too much ad- 
renocortical hormone. The negative glucose toler- 
ance test and the absence of high blood pressure add 
to the battery of tests negative for Cushing’s syndrome. 

The urinary estrogen level of 79 to 122 microgm. 
is the level seen in a normal cyclic woman. The FSH 
was not increased. That is not useful since I do not 
suspect the menopause. What I should like to know 
is whether it was decreased. The barium-enema and 
air-injection examinations showed two adrenal glands, 
normal in size and shape. In only | case have I 
clearly seen the shadow of an adrenal tumor in the 
films after perirenal air injection. That patient had 
a cyst of the kidney and bilateral hyperplasia of the 
adrenal glands but no adrenal tumor. This examina- 
tion does not rule out the presence of an adrenal tu- 
mor although it is weight against it. Only part of one 
ovary was visualized. 


876 


The first possibility that I have to rule out is that 
this patient had no endocrine disease. She had rapidly 
accumulated obesity, and that alone can give rise to 
amenorrhea of long duration. The amenorrhea can 
disappear, with weight reduction. That is seen in 
entirely normal women who have gained weight 
through change in their living habits. Since in this 
patient the amenorrhea occurred before the obesity I 
should suspect that it was not due to the obesity. The 
hirsutism may not have been abnormal. She was of 
French extraction, and the family was hairy. The 
hirsutism that is constitutionally normal for a woman 
comes on at the same age that hirsutism that is nor- 
mal for a man comes on — namely, the moustache 
in the early teens, the beard in the late teens, and 
chest hair in the early twenties. Often, a patient who 
has had gradually increasing hirsutism from the age 
of fifteen to twenty-five has claimed that the hirsutism 
has grown much worse in one year or has been present 
for only a year. Often, however, she has noticed it 
then for the first time, or it has just then reached a 
level that distresses her. Careful questions will reveal 
that it has been progressing steadily ever since puberty 
and is constitutional for her. Since I cannot question 
this patient, I shall assume that the hirsutism was new 
and striking and represented an abrupt change and 
that therefore amenorrhea, hirsutism and obesity rep- 
resented some disease, not merely the normal con- 
stitution of the patient. 

Having decided that she had too much androgen, 
I have four possible sources to choose among. The 
two places that androgen comes from are the ovary 
and the adrenal gland. In each there may be a diffuse 
disease or a tumor. With ketosteroids ranging from 
9.6 to 13 mg. I do not believe that she had diffuse 
hyperplasia of both adrenal cortexes. At least in our 
records, we have no patients with virilizing syndrome 
and bilateral adrenal hyperplasia who have normal 
ketosteroids. That does not mean that she did not 
have too much androgen, for the level of the keto- 
steroids was the normal one for a normal male and is 
sufficient to account for virilism, but is not enough 
above the normal level for females to support a diag- 
nosis of adrenal hyperplasia. It suggests that the an- 
drogen resembled testosterone, which is more virilizing 
per milligram of ketosteroid excreted as metabolite 
than other androgens. I shall decide against adrenal 
hyperplasia partly for the above reason and partly for 
the reason that adrenal hyperplasia does not appear 
suddenly. 

We also have not seen any cases of benign adrenal 
tumor producing virilization, with normal ketoste- 
roids. We have seen some that produced Cushing's 
syndrome and also some malignant adrenal tumors, 
with normal ketosteroids, including a young woman 
whose disease began shortly after pregnancy at about 
the same age as this patient’s. Later on, as the car- 
cinoma developed, the ketosteroids in that patient 
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became higher. A few adrenal cancers even terminally 
never produced very high ketosteroid values, but these 
were not accompanied by a great deal of virilism. I 
should think that an adrenal tumor was unlikely. One 
other reason why I think that she did not have an 
adrenal tumor is that she had no signs pointing to 
an overproduction of any adrenal hormone other than 
androgen. She had no sign of hyperproduction of 
glucocorticoids or mineralocorticoids—no diabetes, no 
striae, no polycythemia and no decrease in eosinophils. 

I shall now discuss a diffuse process or a tumor in 
the ovary as the source of this patient’s excessive an- 
drogen. By a diffuse virilizing process in the ovary, I 
mean different processes such as theca luteinization 
and polycystic, large, pale ovaries. These are not dis- 
tinguished from each other by authorities. I shall 
consider them as a group along with hilus-cell hyper- 

ia, another virilism-producing ovarian process, 
and speak of them as one disease. 

About ten years ago I looked up 100 cases of pa- 
tients who came to this hospital complaining of hir- 
sutism. Of the 100, 70 or 80 per cent also complained 
of amenorrhea and obesity. Except in the few who 
had a tumor somewhere, the symptoms began at the 
time of their puberty, as constitutional hirsutism will, 
and the periods were irregular from the age at which 
hair developed. A few of those patients were ex- 
plored ; the findings depended on the site of explora- 
tion. For example, if the ovaries were explored, some 
were said to show the Stein—Leventhal, large, pale 
ovaries and some to have theca luteinization of the 
ovaries. Clinically, they were exactly the same. Dr. 
Fuller Albright asked one of these patients if she were 
distressed enough to have an operation. She said, 
“Yes.” He said, “Are you willing to have two?” She 
replied, “Yes.” He said, “Three?” She said, “Yes.” In 
that patient both adrenal glands as well as the ovaries 
were explored. The adrenal glands showed a reticular 
zone larger than normal, and the ovaries showed theca 
luteinization. The disease not only may be diffuse 
within the ovary but also may be secondary to a pitui- 
tary hyperfunction and involve both the ovaries and 
the adrenal glands. There is no real understanding 
of constitutional amenorrhea and hirsutism. It is what 
Stein and Leventhal have written about, I think, and 
probably is associated with theca luteinization. 

I cannot tell, from seeing a patient with too much 
androgen, what cell is producing the androgen. The 
only basis I have for preferring ovarian tumor to one 
of the diseases in this group is the history of its strik- 
ing onset in a previously normal . The keto- 
steroids in the group of ; at least 100 patients with the 

obesity syndrome averaged sig- 
nificantly higher than those in a similar group of nor- 
mal cyclic women, but in only a few were the keto- 
steroids outside the normal range. In the cases similar 
to the one under discussion, the ketosteroids were 
around 12 or 10 mg. Would a virilizing ovarian tu- 
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mor necessarily produce higher ketosteroid levels than 
the diffuse ovarian diseases? They do not have to. 
We had seen cases of arrhenoblastoma with normal 
ketosteroids. We also followed 1 patient with a lu- 
teoma through a period in which the ketosteroids were 
not 


diagnostically elevated, although later they were. 

If I choose a tumor, which tumor to choose is 
guesswork because the patient may have grown a 
beard as the result of androgens from any number of 
different sources. In general the luteomas are more 
likely also to cause the production of adrenocortical- 
like hormones other than androgens. They are more 
likely to cause a Cushing syndrome with the viriliza- 
tion than the arrhenoblastomas, which can produce 
both the hormones that the testis produces, and re- 
produce the picture seen where normal testicular tis- 
sue is present. Arrhenoblastoma can produce a hor- 
mone that inhibits FSH and might be excreted as 
estrogen and a hormone like testosterone, which is very 
virilizing for the amount of ketosteroids found in the 
urine. For that reason I shall choose an arrhenoblas- 
toma. The left ovary was not seen; the right was seen 
and was not large (which is another point helpful in 
ruling out the Stein—Leventhal syndrome). If I place 
the tumor on the left, that tenderness in the right 
lower quadrant will not be helpful. I am forced to 
choose an arrhenoblastoma of the ovary that was not 
seen — namely, the left ovary. 

Dr. Patricia H. Benepict: This patient reminds 
me very much of 2 patients whom we saw recently 
in the Ovarian Dysfunction Clinic; those patients had 
hyperthecosis in the ovary, — that is, theca-cell lu- 
teinization, — and I should bet on that. 

Dr. Pump H. Henneman: I do not know of any 
cases of hilus-cell adenomas or hyperplasias that have 
occurred much before the menopause. Thus, this pa- 
tient’s age might be evidence against that extremely 
rare syndrome. Years ago we had a patient with a 
dysgerminoma of the right gonadal region who was 
slightly virilized ; her ketosteroid excretion was not in- 
creased. She had no gonad on the left side, which is 
not uncommon in dysgerminoma. Perhaps dysgermi- 
noma is a possible diagnosis in the patient under dis- 
cussion since no left gonad was seen. 

About ovarian causes of virilism, at the Laurentian 
Hormone Conference’ this year there was considerable 
discussion among the steroid chemists of the possible 
conversion of androgen to estrogen by the ovaries. 
Indeed, the suggestion was made that androgen might 
be the precursor of ovarian estrogen. If androgen is 
normally formed by the ovary and then converted to 
estrogen, it is not unreasonable to guess that abnormal 
ovarian tissue might secrete an “incomplete” estrogen 
with androgenic activity. Would Dr. Engel like to 
clarify that for us? 

Dr. Lewis L. Encer: Perhaps Dr. Baggett will; 
he has been working on this problem. 

Dr. Bitty Baccetr: We do not have any evidence 
that this is necessarily the normal pathway for the 
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formation of estrogen. We do know, however, that 
this transformation can take place. The transforma- 
tion has been demonstrated in normal human ovaries 
as well as in certain cases in the adrenal gland. These 
tissues have been shown to convert testosterone to 
biologically active estrogens. Whether this is the nor- 

how widespread this potentiality is I do not know. We 
need other types of observations before we can an- 
swer that. 

Dr. Encet: The slight elevation in the ketosteroids 
is perfectly consistent with excessive production of one 
or more steroids and a compensatory decrease in the 
production of other steroids. We have seen patients 
in whom the ketosteroids of adrenal origin were ele- 
vated well above the normal limits. Although the 
total ketosteroids were within normal limits, in a pa- 
tient with luteoma we found a marked increase in 
androsterone excretion. Androsterone, of course, is 
a well recognized metabolite of testosterone but could 
also have been derived from some other ovarian pre- 
cursor. I should not like to generalize from these 
scanty observations. 

Dr. Scutty: Was this “luteoma” a masculinizing 
tumor, Dr. Engel? 

Dr. ENGEL: Yes; it was. 

A Pnysician: I should like to ask why the hir- 
sutism and amenorrhea were supposed to be due to 
androgens if there was no temporal recession. 

Dr. Forses: I took the history’s word for it that 
this patient never had any beard and was suddenly 
growing a very impressive one. A considerable num- 
ber of normal males do not have much temporal re- 
cession, and even those who do take a while to ac- 
quire it. She had the beard for three years. It is 
about three years after puberty that most boys have 
a marked temporal recession. Some do not have much 
chin hair either. 

Dr. Scutty: Regarding hilus-cell hyperplasia, and 
tumors, I believe that in several cases in the litera- 
ture,** although the diagnosis was not made until 
late in life, manifestations of virilism had appeared 
much earlier. 


Diacnosis 
?Arrhenoblastoma. 
Dr. Anne P. Forses’s DiaGnosis 
Arrhenoblastoma of ovary. 
Anatomica. D1iaGnosis 
“Ovarian hyperthecosis.” 
Discussion 


Dr. Scutty: A pelvic exploration revealed both 
ovaries to be enlarged and enclosed by thick, white 


878 


capsules. On incision multiple follicle cysts were seen 
just beneath the capsules. A wedge was resected from 
each ovary. Microscopically, the capsules were scle- 
rotic. The follicle cysts and several atretic follicles 
were surrounded by thick mantles of theca cells loaded 
with lipoid (Fig. 1). Likewise, throughout the corti- 
cal stroma were numerous nests of lipoid-filled cells 
similar to, but larger than, the theca cells (Fig. 1). 
Dr. Richard B. Cohen, of our department, has done 
histochemical studies on these tissues and has found 
that the cells lining the follicles and those composing 
the stromal nests contained material that gave histo- 
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chemical! reactions identical to those of the zona fascic- 
ulata of the adrenal cortex. This suggests that these 
cells were putting out some type of steroid. 

This combination of pathological findings is called 
ovarian h is‘ by most authors. Another term 
for it is luteinization of the ovarian stroma.’ Neither 
term is particularly good, however; so little is known 
of the nature of the disease that the ideal name is not 
yet in sight. 

Most of the cases we have seen in this hospital have 
been associated with virilization. In 1° there was sug- 
gestive evidence of adrenocortical hyperplasia as well 
as hyperthecosis. In some of the cases in the litera- 
ture’ the predominant clinical picture has been one 
of metropathia hemorrhagica, with periods of irregu- 
lar and often excessive bleeding alternating with pe- 
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riods of amenorrhea. Indeed, a few of these patients 
have had cystic hyperplasia of the endometrium, and 
a rare one endometrial carcinoma.* I think the last 
association is of great interest because the sister of 
the patient under discussion is said to have had cancer 
of the uterus at the age of thirty-five, a comparatively 
young age for this disease. I wonder whether her 
ovaries may not have looked similar to this patient’s. 

Study of our cases has so far failed to separate 
sharply the Stein-Leventhal syndrome and hyperthe- 
cosis. Most of our patients with the stromal change 
characteristic of is have shown frank viril- 
ovaries have usually had hirsutism at most. I think 
perhaps we shall have to await the results of Dr. 
Engel’s hormone assays on large numbers of patients 
before we can hope to separate these two syndromes, 
if, indeed, they are separable. 

Dr. HenNeMAN: Can you tell us about the fol- 
low-up findings and in particular what the 17-keto- 
steroid excretion was after operation? 

Dr. Scutty: The follow-up period on the patient 
is too short to be of any value, and we do not know 
what will happen to the 17-ketosteroids as yet. 

Dr. HeNNeMAN: This seems to be a crucial ob- 
servation about whether the symptoms were due to 
the abnormal ovary or whether they were due to 
equally abnormal adrenal glands. 

Dr. Scutty: I think that is very true. Shippel,’ 
who is a gynecologist at the University of Witwaters- 
rand in Johannesburg, has recently reported a large 
series of patients with this syndrome in whom he has 


L. nt hen ovary Clin. Endo- 
crinol. nkel, 557-559, 1943. 
S. H., Gaines, J. Diffuse tuteinization of 
6. Case General Hospital (Case 38172). 


of the Massachusetts 


CASE 41462 


PRESENTATION OF Case 
A sixty-two-year-old Italian-born woman entered 
the hospital complaining of pain in the right flank 
and back. 


. 

| 

function by wedge resection of the ovaries. He has 

had somewhat less success in relieving the hirsutism 

1. Heard, R. D. H. Biosynthesis of sterols and steroid hormones with 
particular reference to estrogens. Recent Progr. in Hormone Re- 
search (in press). 
2. Berger, L. Tumeur des cellules sympathicotropes de l’ovaire avec 
virtlention: up nouveau syndrome anatomo-clinique. Rev. canad. de 
biol. 1:539-566, 1942. 
3. Sternberg, W. H. M androgenic function, h ia, 
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On the morning of admission she suddenly ex- 


She had had 16 pregnancies, and 14 children liv- 
ing and well. Twelve years before admission she had 


unknown reasons. In the past she had had some 


bilicus and moved with respiration. Liver dullness 
started at the fifth rib. There was marked tenderness 
of the muscle and tissues overlying the right flank and 
sacroiliac joint. Pelvic examination showed an am- 
putated cervix, and a cystocele and rectocele. 

The temperature was 99.8°F., the pulse 84, and 
the respirations 14. The blood pressure was 155 sys- 
tolic, 75 diastolic. 

Urinalysis revealed a pH of 6.5, negative tests for 
albumin, sugar and bile and a sediment containing | 
to 2 white cells and 10 to 12 red cells per high-power 
field. Examination of the blood disclosed a hemo- 
globin of 13.2 gm. per 100 cc. and a white-cell count 
of 14,700. A second white-cell count was 7100, with 52 
per cent neutrophils, 39 per cent lymphocytes and 9 
per cent eosinophils. The nonprotein nitrogen was 27 
mg., the fasting blood sugar 102 mg., the bilirubin 
0.9 mg., and the alkaline phosphatase 3.4 units per 
100 cc. The prothrombin time was 74 per cent of 
normal. A urine culture was negative. A guaiac test 
on the stool was positive. X-ray films of the abdomen 
showed a large, round, calcified mass overlying the 
upper pole of the right kidney. The calcification had 
the appearance of a shell. Multiple phleboliths were 
noted in the pelvis. An x-ray film of the chest re- 


al information. Metastatic series of the skull and pel- 
vis gave no evidence of metastatic disease. 
On the twelfth hospital day an operation was per- 


but I doubt it. I might ask 


“Assistant urologist, Massachusetts General Hospital. 
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Dr. Josepn Hanewin: There is a large mass, 
roughly 14 cm. in diameter, which seems 00 take it 
origin from the upper pole of the ri 


son, although no dye was administered, the gall blad- 


Fiovure 1. Intravenous Pyelogram. 
A large, lobulated mass showing calcification of its periphery 
is present at the upper of the right kidney (arrows). 
The moderate right-sided hydronephrosis may be due to a 
small calculus in the distal ureter. 


responsible for the hydronephrosis. The examination 
of the chest is essentially the same as recorded. 

Dr. Kerr: Do you think that there is a suggestion 
of cysts within the cyst? 

Dr. Hanewin: At the upper lateral margin of the 
mass there is a suggestion of a cyst that is budding 
from the main mass. 

Dr. Kerr: Do you think that it is unusual to see 
such a large mass with so little change in the calyxes 
in the upper portion of the kidney? 

Dr. HANELIN: More commonly there is more de- 


Dr. Kerr: As Dr. Hanelin noted, there are sev- 
eral spots in the film that suggest stones in the lower 
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and across the lower back on bending forward. The 
sharp pain persisted. The patient became nauseated is inreguiarly Calci ong periphery 
and vomited several times. She was unable to find 
a comfortable position. During the day she urinated 
frequently but passed only small amounts. There was 
seen. is larger than normal and con- 
tains opaque stones. The intravenous pyelogram 
shows normal passageways on the left. On the right 
a moderate hydronephrosis is present, with a slight 
indentation on the superior calyxes. There is a sug- 
epigastric Luliness. gestion of a small stone in the distal portion of the 
Physical examination revealed a well nourished right ureter in several of these films, which may be 
woman in acute distress. There was a firm, round 
mass in the right side of the abdomen, which was 
tender, extended from the costal margin to the um- 
vealed a transversely enlarged heart and a tortuous 
aorta. The dorsal spine showed degenerative changes. 
An intravenous pyelogram revealed blunting of the 
renal calyxes on the right, particularly in the upper 
pole (Fig. 1). A nephrotomogram gave no addition- 
formed. 
DirrerentiaL DiaGnosis 
Dr. WALTER S. Kerr, Jr.*: A modern mother y, Dut tus does not necessarily disprove It 
would think that this could all be explained on the = ,.y,4) origin; the mass may have started in the periph- 


tenderness in the right flank was of the type present 
over a kidney that has been blocked by a stone in 
ureter either at the time or shortly before the ex- 
amination. The urinary sediment contained a few 


also fits in with the picture of a small ureteral stone. 
About 15 per cent of the patients who come into the 
hospital with typical renal colic will not have any 
x-ray evidence of a stone in the ureter. Moreover, the 
stone may not be found in the urine even though the 
urine is carefully strained, because a tiny fragment of 
a stone, a millimeter or so in diameter, can cause as 
severe renal colic as one that is 8 or 10 mm. in di- 


There was no albumin, sugar or casts in the urine so 
that in view of the negative culture and the 
white cells, I do not believe that she had a 
nephritis or infection in the kidney — at least one 
that was draining into the pelvis. 

The chemical levels were all within normal limits. 
I rather wonder why some of them were obtained. I 
am glad they were normal and do not add confusion 


erated on what the lump is. I am reasonably certain 
that this mass in the kidney was an incidental finding 
and not connected with the pain, increased tempera- 
ture or elevated white-cell count. The white-cell 


not as severe as she had — and a white-cell count of 
14,000 or even 25,000. However, with a hemorrhage 
of large size, the hemoglobin is likely to be lower than 
was found in this patient. Therefore, I am fairly cer- 
tain that this was not a rupture of a vessel, either in 
the mass or in the kidney itself, with hemorrhage. 
What may the mass have been? Dr. Hanelin seems 


that. However, it is possible that it arose in a 
peritoneal structure, such as the adrenal 

adrenal cysts, although I never have seen one, ap- 
parently can show calcification, not unlike that seen 
here. Of course, adrenal tumors also calcify. Usually, 
they show blotchy calcifications rather than a definite 
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tumors — sarcomas of various kinds — could present 
this picture. I have not seen any in which the calci- 
fication had the pattern noted here. Solitary cysts of 
the kidney usually do not calcify, but when they do, 
the calcification is in the rim. 

Hypernephromas frequently grow so rapidly that 
areas of necrosis develop within them and become 
calcified. I cannot recall having seen any calcifica- 


Dr. HANELIN: I think I have in the past seen one 
or two, with calcification along the periphery although 
generally the calcification is within the substance of 


fication of that nature in one part of the kidney, how- 
ever. Usually, if the process is so extensive, it involves 

Another possibility to consider is echinococcus cyst. 
These are rare in this country but are very common 
in other parts of the world. Uruguay and the Argen- 
tine apparently have the greatest number. Surraco' 
reported 29 cases of echinococcus cyst of the kidney. 


This disease is caused by small tapeworms that are 
usually found in dogs or wolves and possibly in cats. 
They escape in the dog’s feces and are picked up on 
the hands — usually of children, who play with the 
dogs — and get into the mouth. Most of the tape- 
worms or their eggs get into the liver, but occasional- 
ly they apparently go through the lungs into the sys- 
temic circulation and land in the kidneys as well as 
other places, such as livers. Usually, if the kidney is 
involved, the echinococcus cysts are unilateral. Also, 
the patients do not have symptoms until the age of 
thirty-five or possibly forty-five. The symptoms to a 
large extent depend upon whether the cyst connects 
with a calyx and drains into the kidneys or whether 
it remains a closed cyst. I think that in the patient 
under discussion the mass was a closed echinococcus 
cyst. Surraco included x-ray films of a number. In 


every film — about 10 — the cysts were in the upper 
Whether that is a constant feature or not, I 
do not know. The x-ray appearance was character- 
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ureter. The severity of pain of which the woman 

complained certainly would fit with renal colic. The 

white cells, which apparently were not of importance 

inasmuch as the culture was negative. There were 10 

to 12 red cells per high-power field, which, of course, tions in the periphery. Dr. Hanelin, have you seen 
any hypernephromas that were calcified around the 
the hypernephroma. Solid tumors will certainly do | 
that. You mentioned an adrenal origin. It would be 
impossible for me to differentiate between an adrenal 

ameter. I think that a renal stone, which had dropped and a renal origin in this case. I have seen an adrenal 

into the ureter, was the explanation for the pain. cyst that was partially calcified, although that was 
smooth in outline. 

Dr. Kerr: A tuberculous kidney will sometimes 
nephrectomize itself by thorough calcification. In 
those kidneys the calcification outlines the kidney 
in the periphery. I have never seen extensive calci- 

to the picture. 
Lumps in the kidney are always a challenge; com- 
monly, one is not able to tell before the patient is op- 
count of 14,700 on admission was certainly high for 
a blocked, uninfected kidney, but possibly it was the 
result of dehydration inasmuch as the pain had caused 
nausea and some vomiting. Occasionally, a vessel in 
the cortex of the kidney will rupture spontaneously 
and will give rise to a picture similar to the one that 
this woman had — namely, pain in the flank, usually 
certain that it was attached to the kidney. Some 
oblique views would lead one to be fairly certain of re 
istic: if the cyst was connected with the kidney pelvis, 
the dye entered the main cyst and outlined the daugh- 
ter cysts, giving a honeycombed appearance; in some 
cases, apparently, there is a space between the cyst 
rim of calcification. Cysts of the liver have been re- and the kidney, which has a crescent-shaped appear- 
ported to push the kidney downward, but they have ance on retrograde pyelography. Retrograde pyelo- 
to arise in an unusual fashion to do it. Retroperitoneal grams were not done in the case under discussion. 
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Whether or not there was a space there, I am not cer- 
tain. When it is present, the diagnosis is easily made. 
Several tests can be done, the intradermal test or the 

fixati test if fluid from other cysts is 
available for injection. The treatment for this dis- 
ease in general is conservative —- namely, a partial 
nephrectomy or marsupialization of the cyst after 
formalin has been put in the cyst to kill the daughter 
cysts. 

It is reported that sometimes these cysts, as the 
result of compression of the kidney, will block off part 
of the kidney, giving the picture of renal colic — 

hematuria, and pain in the flank. There 
is a possibility that this patient did not have a ureteral 
stone, and that the tenderness and the pain were due 
to the compression of the kidney by this mass. If 
these cysts do communicate with the renal pelvis and 
some of the daughter cysts escape, they will cause 
hematuria and renal colic. However, the urine ap- 
parently did not contain evidence of that — and this 
provides further evidence that the cyst probably was 
closed. 

I believe that this patient had an echinococcus cyst 
and a ureteral stone. 

Dr. BenjAMIN CasTLEMAN: Would anyone like 
to ask Dr. Kerr any questions? 

Dr. Ricnarp V. Wirson: I should like to ask 
him how often echinococcus cysts in the kidney are 
associated with cysts in the liver. 

Dr. Kerr: I am sorry; I do not know. Somebody 
wrote that 70 per cent of people who have echino- 
coccus disease are likely to have cysts in the liver; 
only 3 per cent have cysts in the kidney. 


Cumicat Diacnosis 
Dr. Warter S. Kena, Jr.’s, DiaGnoses 
Echinococcus cyst of kidney. 
Ureteral stone. 


ANATOMICAL D1AGNosis 
Echinococcus cyst of kidney. 


PaTHOLocicaL Discussion 
Dr. CasTLeMAN: At operation the kidney was re- 


of the 
n opened the cyst contained many daughter 
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cysts from 0.2 to 3 cm. in diameter. Microscopically, 
the wall was thick, with the characteristic chitinous 
membrane that apparently protects the germinal epi- 


Ficure 2. 
were evident in many of the sections. A paper from 
New Zealand,’? where this disease is quite common, 
reported that in most cases of echinococcus disease of 
the kidney, the kidney alone was involved. Such pa- 
tients have no trouble after removal of the kidney. 
They do not as a rule have cysts in the liver. A com- 
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‘ : 
» 
pole adherent to the surrounding structures, but was 
able to separate it easily and removed the kidney in mon laboratory finding in Cases with echinococcosis 1s 
the usual way. As is evident from this photograph of eosinophilia; this patient had an eosinophil count of 
the specimen, Dr. Kerr was correct in his diagnosis 9 per cent in the peripheral blood. 
(Fig. 2). The echinococcus cyst, which measured Dr. ALLEN G. Bramtey: Were there any ureteral 
about 12 cm. in diameter, had a very thick capsule, stones? 
that in many places was markedly calcified. It was a Dr. CastLEMAN: None were mentioned. 
closed cyst and markedly compressed and pushed 
down the REFERENCES 
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CONCERNING THANKSGIVING 


Ir seems impossible that any new changes could be 
rung, especially in a publication of such limited scope 
as a medical journal, on subjects so hackneyed and 
so time-worn, even if so time-honored, as the per- 
petually recurrent annual festivals. And yet it is being 
done week after week and year after year in the 
various nonmedical journalistic presses of the world 
with a fidelity that must indicate something or other 
in respect to the steadfastness of human nature. 

There will appear this week and next, according to 
the more or less accurate statistical averages that 
have been conjured up, somewhere in the vicinity of 
35,000 or 135,000 original Thanksgiving editorials or 
other literary allusions — in addition to this current 
contribution — to that celebrated occasion. A corre- 
sponding efflorescence will take place in chronologic 
proximity to Christmas; the first babies to be born on 
New Year’s Day will be hailed like temporary prince- 
lings, and similar verbalizations will be associated 
with the birthday of the Father of his Country and, 
coming also in February, with that of its most con- 
spicuous advocate of unionism. 

Other happy events receive their reiterative ac- 
colades. On the local scene, amid the wet snows of 
March, many pungent paragraphs appear each year 
in reference to the driving out from Boston of the 
British by St. Patrick, — some call it Evacuation Day, 
— and so each of the holidays up to and including 


printer's ink. In giving thanks for Thanksgiving, one 
may be thankful also for the other opportunities for 
journalistic exploitation that have been overlooked. 


say in praise of giving thanks — for it is to New Eng- 
land that the origin of the gracious gesture has been 
universally attributed. In pioneer days this i 
enous attribute of gratitude had many i of 
liferation, and the pilgrims were pious 

rom 


thus lured to the primitive chopping blocks of 
outh; the turkeys, that is. 


able to endure the various climatic catastrophes that 
have been visited upon the region. It has been 


882 
Joseph Garland, M.D., Eorror 
Associute Eprrors 
Thomas H. Lanman, M.D. Donald Munro, M.D. 
Theodore H. Ingalls, M.D. 
Robert O'Leary, Assistant Eprror 

vOVeInDer paradox SUrs nostalgic mem- 
ories of the peace of 1918 receive their share of 
It is particularly fitting that any New England 
publication, even of medicine, should have adopted 
the custom of finding annually something different to 

mended dose must be stated. Copy should be factual, con- 

is relative security has been lost in recent years, 
leaving to New Englanders as a major source of 
thanksgiving the fortitude with which they have been 
but no one has appeared to substantiate the claim, 
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nor did the early settlers along the James leave any 
record of their opinion on the matter. 


MASSACHUSETTS MEMORIAL HOSPITALS 

It is a privilege this week to join the Massachu- 
setts Memorial Hospitals in celebrating the hundredth 
anniversary of the incorporation of the institution 
from which they have developed. Its history, con- 
sidering as a single organization the aggregation of 


where in this issue of the Journal by Dr. Henry J. 
Bakst, chief of the hospital’s Home Medical Service 
and professor of preventive medicine at Boston Uni- 
versity School of Medicine. 

Identified at its inception and for a number of 
years thereafter with the system of medical practice 
elaborated by Samuel Hahnemann, the Massachu- 


pathic Society as well as such an establishment could ; 
in 1871 the hospital charter was revived, and plans 
were laid for its construction. The interest and en- 
ergy that went into the of the money is at- 
tested by the proceeds of $76,000 from a fair under- 
taken by the Ladies’ Aid Association. 


The building was opened in 1876 on the present 


The Massachusetts Homeopathic Hospital never 
languished in its popularity among Boston's benefac- 


name. Those who have found some confusion in the 
designation of a single organization by a plural name 
need only to be reminded of the strength and unity 
that their country has acquired under such a mutual 
arrangement, and its Latin motto. 


ANTIBIOTIC MONOGRAPHS 


Durinc the past few years several thousand papers 
have been published each year, and an imposing num- 
ber of books have appeared concerning antimicrobial 
therapy, the more recent ones dealing mostly with 


EDITORIALS 


formation that has accumulated so rapid 
important area of medicine — important equally to 
the medical profession and to the great pharmaceuti 
cal and chemical industry. Some of the books have 
dealt with the general field; others have dealt with 
individual antibiotics or groups of chemotherapeutic 
agents, and still others have bi attention to more 


mechanisms of their 


Henry Welch, director of the 
Antibiotics Division of the Food and Drug Adminis- 
tration (now under the Department of Health, Edu- 
cation and Welfare), has taken the lead in an at- 
tempt to collect and organize the availiable informa- 
tion in this field. First he sponsored and organized 
antibiotic conferences, at which workers in industrial 
and in noncommercial laboratories, as well as clini- 
cians and clinical investigators, could present and dis- 
cuss all aspects of problems in this field. Then, with 
the co-operation of Dr. Felix Marti-Ibaiiez, he spon- 
sored and edited the special journal, Antibiotics and 
Chemotherapy, and its more recent clinical counter- 
part, Antibiotic Medicine. Together, they have also 
reinstated the antibiotic conferences on an annual 
basis and are publishing the papers presented at these 
conferences in volumes that, judging from the first 
two that have already appeared under the titles Anti- 
biotics Annual, 1953-1954 and 1954-1955, seem to be 
of rapidly increasing size. With Dr. Charles H. 
Lewis, Dr. Welch also presented a com 
volume, Antibiotic Therapy, which he later edited in 
a revised edition as Principles and Practice of Anti- 
biotic Therapy; the latter contains authoritative sum- 
maries of the available information about the more 
important and widely available antibiotics and their 
uses in the management of various groups of the 
common infectious diseases. A small volume, The 
Manual of Antibiotics, 1954-1955, contains a com- 
pendium of the preparations, a therapeutic index, 
lists of the generic and trade names and of the pro- 
ducers of various antibiotic preparations. 

Antibiotic Monographs is the most recent series of 
publications being undertaken under the editorial di- 
rection of Drs. Welch and Marti-Ibaiiez and pub- 
lished by Medical Encyclopedia, Incorporated, of 
New York, which is also the publisher of the other 
journals and volumes mentioned. This new series is 
designed to present more complete and comprehen- 
sive monographs on either individual antibiotics or 
general topics. Two of these monographs have al- 
ready appeared. The first one, Erythromycin, is by 
Dr. Wallace E. Herrell, a recognized authority on 
antibiotics who, with his former colleagues at the 
Mayo Clinic, carried out some of the early studies 
on the clinical uses of penicillin and subsequently 
contributed to the understanding of each of the suc- 
cessive antibiotics as they appeared. It will be re- 
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ee antibiotics. These papers and books have either pre- 
sented or attempted to correlate the large mass of in- 
setts Homeopathic Hospital was incorporated on May 
19, 1855, under a charter issued to the Massachusetts 
Homeopathic Society. Its establishment was delayed, 
however, and, to a degree, its place was taken by the 
Massachusetts Homeopathic Dispensary, incorporated 
in 1856 and opened in 1857. For nearly a score of 
years the Dispensary served the needs of the Homeo- 
site of the hospital on East Concord Street, and since 
that time has been a going and a growing concern, 
identified from its beginning with Boston University. 
As others of the mid-nineteenth-century crop of medi- 
cal schools were vanishing from the scene, Boston Uni- 
versity had acquired its own school in 1873 by taking 
over the New England Female Medical College, 
which had been established in 1848. 
succession of five memorial buildings have been added 
to the original hospital, leading to its present unique 
group and, in 1929, to the adoption of the present 


called that Dr. Herrell, in 1945, presented one of the 
first comprehensive and practical books in this field, 
Penicillin and Other Antibiotic Agents. The mono- 
graph on Erythromycin gives, in 56 pages, a concise 


summary of the properties, and prac- 
tical applications of this agent. 


The second monograph, recently released, is Assay 
Methods of Antibiotics: A laboratory manual. This 
one is by Dr. Donald C. Grove and Dr. William A. 
Randall, both of the Division of Antibiotics of the 
Food and Drug Administration, who are themselves 

ible for many of the developments as well as 
the practical applications of these assay methods and 
are the authorities best qualified to cover this subject. 
This volume of 238 pages should serve as the source 
book for all laboratory workers who are confronted 
with the problem of assaying antibiotics. 

Tetracycline is the title of Antibiotic Monograph 
Number 3 and is now ready for release; it is by Dr. 
Harry F. Dowling, professor of medicine and head of 
the Department of Medicine at the University of 
Illinois. Dr. Dowling is the author of the popular 
volume, The Acute Bacterial Diseases: Their diag- 
nosis and treatment. He and his associates have made 
numerous valuable contributions to the clinical litera- 
ture on antimicrobial therapy. 

Monograph Number 4, entitled Antibiotics in Nu- 
trition, which a early in October, is by Dr. 
Thomas H. Jukes, who, with his colleagues at the 
Lederle Laboratories and the Research Division of the 
American Cyanamid Company, pioneered the de- 
velopment of antibiotics as feed supplements to serve 
as growth-enhancing agents in animals raised for 
market. This volume presents a comprehensive review 
of the effects of antibiotics on the nutrition of animals 
and man and of the possible mechanisms by which 
this effect is accomplished. It should be of great in- 
terest to all those interested in nutrition, antibiotics 
and general biology, as well as in agriculture. Other 
important monographs by equally competent au- 
thorities on other topics of interest to practitioners 
and laboratory workers as well as to those in agricul- 
ture are planned. 

Drs. Welch and Marti-Ibafiez are to be congratu- 
lated on their tireless efforts to present to the medical, 

tical and scientific communities these very 
important and timely publications in an important 
field that now involves both human and veterinary 
medicine, as well as agriculture, general biology and 
organic, industrial and biologic chemistry. 


HOMICIDE RATES FALL 
Tue belief is current that crimes of violence have 
materially increased during the tempestuous half 
century through which the world has most recently 
struggled. Rapid communication and improved as 
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well as more dramatic methods of broadcasting the 
news have given strength to this belief, as sex crimes 
and those committed by adolescents, singly or in 
groups, have been featured, 

When allowance is made for the rhythm of na- 
ture’s processes, however, including the cyclic quality 
of patterns of behavior, it is found that criminality 
in the civilized countries of the earth is probably no 
more prevalent than it has been for a long time, and 
statistical evidence exists of an actual improvement 
over a period of years. There is no comparison, for 
instance, between the lawlessness that prevailed in 
much of Europe only two or three centuries ago and 
the relatively settled state of today; better policing 
has undoubtedly been a factor in this improvement 
but so also have been education and — perhaps most 
important of all — a higher standard of living. 

Even in this supposedly turbulent country and de- 
spite recent reported increases in major crimes and 
juvenile delinquency, the homicide rate has fallen to 
a record low level. The Metropolitan Life Insurance 
Company’s industrial policyholders, with an experi- 
ence paralleling that of the country as a whole, have 
supplied the index, which shows a homicide death 
rate of 1.9 per 100,000 in 1954 compared with 5.8 in 
1934. The downward trend has been marred by only 
two interruptions, occurring immediately after World 
War II and the Korean conflict. 

Further analysis shows that the reduction has been 
most marked among white male policyholders, 
amounting to as much as 70 per cent, with a 50 per 
cent drop among white females and one of about 55 
per cent among nonwhite policyholders. Homicide is 
still a major cause of death among nonwhite males, 
who averaged 21.7 per 100,000 in 1952-1954, or over 
eleven times the white male experience. 

New England, despite a few untoward incidents, 
remains the safest place in which to live, in this re- 
spect, with the sunny South the most dangerous. 
Firearms represent the most commonly employed 
instrument of destruction, especially in agricultural 
areas, Rese than 7500 aon ke 
of homicide in the United States each year according 
to Metropolitan Information Service; the rate among 
the white population being twice that in Canada and 
Australia, three times that in Scotland, and about 
six times that in England, Ireland and Wales. 


Within the last twenty years a new method of 
applying electricity to medical purposes has been 
tried, and promises to become of greater prac- 
tical utility than any other. This is the method 
of employing a wire, heated by galvanism to a 
red or white heat, instead of the knife, for some 
operations, and always instead of the old means 
of applying the actual cautery. 

Boston M. & S. J., Nov. 22, 1855 
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NOTICE TO FELLOWS 


Copies of the Circular of Advance Information for 
Councilors for the February Council meeting will be 
available to any fellow who makes written request 
before December 2 to the Secretary of the Society, 
22 Fenway, Boston 15. 

Rosert W. Buck, M.D. 
Secretary 


COMMITTEE ON MATERNAL WELFARE 
REGURGITATION 


A twenty-eight-year-old gravida IV, para Ill, with 


Physical examination and x-ray and electrocardio- 
graphic findings were characteristic of rheumatic 
heart disease, with preponderant mitral stenosis, for 
which and effective treatment was given. 
One week after admission valvuloplasty was at- 
tempted. When inserting his finger into the heart, 
the surgeon found only slight stenosis and mainly 
mitral insufficiency. A valvulotome was used to cut 
what stenosis did exist, but the surgeon thought that 
he had increased regurgitation by this. Biopsy of the 

Aschoff ies i 


liver was enlarged, but for some days she seemed to 
improve until eleven days postoperatively, when the 
apical systolic murmur seemed more prominent and 
x-ray study showed a considerable increase in heart 
enlargement. Another film showed a twin pregnancy. 
She was afebrile, but the pulse rate gradually in- 
creased to 110 to 120. It was decided that the 
pregnancy should be interrupted since it was believed 
that the heart could not stand the progressive burden 
of a twin pregnancy. On the eighteenth postopera- 
tive day she was transferred to a maternity hospital, 
where, in the nineteenth week of pregnancy, a mini- 
ature classic cesarean section and sterilization were 
done under epidural anesthesia. Cortisone was 
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started shortly after operation because of the sus- 
picion of active rheumatic fever. The patient stood 
the operative procedure well, but twenty-four hours 
later hyponatremia and a fall in carbon dioxide 
combining power developed. She was treated ap- 
propriately for this and gained in strength for about 
a week. She then suddenly became weak, short of 
breath and anorectic. The carbon dioxide 

power again fell, and she was again treated with 
sodium bicarbonate intravenously. Cortisone was 
withdrawn. Within eight hours the temperature 


of atrioventricular block, relatively uninfluenced by 
digitalis. Now, when the pulse passed 150, an addi- 


extended 
damage to this muscle was such that 
range of motion of the leaflet was 


was classified as a preventable death due 
instance to an error in diagnosis and in 


nosis, when actually the main lesion is mitral regurgi- 
tation, is an error that occurs even in the most 
experienced hands. On the other hand, the necessity 
or advisability of operation under the conditions that 
existed in this case would certainly not be universally 
admitted. It has been clearly demonstrated for many 
years that the great majority of patients with severe 


are 80 good that cardiac disease is less and less fre- 
quently an indication for the termination of preg- 


nancy. 
The surgical 
on the patient’s heart and did not improve her 


chances of going through pregnancy. Once operation 
had been performed and the subsequent downhill 
course followed, the situation was progressively diffi- 
cult. In the opinion of the Committee, it is debatable 
whether the subsequent interruption of pregnancy 
was justified, but it should be emphasized that this 
opinion was reached after the fact. 
Joun Ficcts Jewett, M.D. 
Chairman 
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pse, pleural iricuion rubs appeared Dilaterally, anc 
the pulse rate began to climb. Salicylates were 
started. Since interruption of pregnancy the heart 
rhythm had been atrial flutter, with varying degrees 
sciensntinetnennnsipsiidanamepmsie tional dose of digitoxin was given. It had little or no 
effect. On the thirteenth day after operation and 
the thirty-fifth day after valvuloplasty ventricular fi- 
Post-mortem examination did not confirm the 
clinical suspicion of active rheumatic fever and gave 
no ry 0 ; ; which, however, has been previously described in 
shortness of breath in the third month of pregnancy. _postvalvuloplasty patients. The valvulotomy incision, 
In previous pregnancies, which resulted in delivery which was f 
by cesarean section, there had been no evidence of valve, had 
heart trouble. The symptoms progressed, and or- muscle. The 
thopnea and hemoptysis developed, requiring hospital the effecti 
admission. limited. 
This case 
the second to rs in management resulting from 
the faulty diagnosis. A misdiagnosis of mitral ste- 
endocardium. 
After operation the patient was hypotensive, with safely and successfully with proper hospitalization 


NOTICES 


BOSTON UNIVERSITY SCHOOL OF MEDICINE 
ALUMNI ASSOCIATION 

There will be an informal reunion of the Boston Univer- 
sity School of Medicine Alumni Association at the Sherry- 
Biltmore Hotel, Boston, Tuesday, November 29. 

m. to 7 p.m. The din- 
ner will begin at 7. Tickets will > held at the door, but 
be ordered in advance. Invitations include family 
or frie 


ALPHA OMEGA ALPHA 
A meeting of the Boston University School of Medicine 


Chapter of Alpha will be held in the Audi- 
wp 80 East Conc Street, on Monday, November 28, 
at 


Dr. James A. Shannon will talk on “Poliomyelitis Vac- 


NEW ENGLAND DIABETES ASSOCIATION 

A meeting of the New England Diabetes Association will 
be held in the Joslin Auditorium, New England 
Hospital, on Monday, November 28 at 8 P. .m. Dr. Laurance 
W. Kinsell will give a talk entitled “Hypophysectomy in 
uvenile Diabetics with Progressive Vascular Disease.” 

will discuss surgical and endocrine aspects 

of this problem. 


AMERICAN COLLEGE OF CHEST PHYSICIANS 
AND OVERHOLT THORACIC CLINIC 

A combined meeting of the New England States Chapter 
of the American College of Chest Physicians and the Over- 
holt Thoracic Clinic will be held in the Joslin a 
of the New England H on Wednesday. 
November 23, at 4:00 p.m. Dr. Wi 8” O'Brien wil 
talk on Therapy in the Drug ‘ra 


AMERICAN PHYSICAL THERAPY ASSOCIATION 
MASSACHUSETTS CHAPTER 
The Massachusetts chapter of the American Physical 
a in co-operation with the Polio Plan- 
ning ittee of the Commonwealth, has made an exten- 
sive survey of physical therapists in the State, including a list 
of the personnel available for follow-up treatment of pa- 
Further information may be obtained from the local 
chapter of the National Foundation for Infantile 
ston Street, Brookline 1 husetts. 


SOCIETY MEETINGS AND CONFERENCES 
18-30. Consultation for 


American Association of Blood Banks. 8th Annual 
Meeting. Palmer House, Chicago, I 
21 and Decemner 5, and January 16, 1956. Hartford 


Medical iety. Page 7 issue 20. 
pital H Association. 793, issue of 


ice above. 
ae 2, 1956. Postgraduate Medical Institute. 


Phi Delta Epsilon Frater Graduate Club Program. Page 118, issue 


Decemaer 5, 1955, ‘and January 16, Fesavuany 6, Marcu 5 and Aran 
2, 1956. Fried Lecture Series. issue of 22. 
Deceusen 5-14, 1955, my 8, Mascn 19-28 and 

Army Medical Service Postgraduate Course 


June +13, _ . Page 84, 
issue 

7, 1955, and 25, 29, Mascu 21 and 


Decemeze 9 and 10. Association for Research in Nervous and Mental 
Disease. Page 745, issue of 


October 27. 


THE NEW ENGLAND JOURNAL OF MEDICINE 


Nov. 17, 1955 


14, 1955 ial" 
Decemser 15. Arthritis Study U Page 668, issue 
Janvany 20-27, 1956. Fifth Panamerican Congress 
Page issue of October 

American Psychosomatic Society. Page 260, 

——F y 1956. American Goiter Association. Page 348, issue of 


CALENDAR FoR THE Week Becinninc Tuurspay, 


NoveMBER 24 
Tnuurspay, Novemper 24 
Holiday 


Fripay 
*8:00-8:45 a.m. Case Presentatians.  wdagere Joslin Auditorium, 


New England 
*9:30-11:30 a.m. Medical and Bes. 
W. Thorn and Francis D. . Main Amphitheater, 
“10:00 Surgical Clinic. South End Health 
"57 East Concord Street 


10:30-11:15 a.m. Lecture on Diabetes for and 
a Member of join New 
*1:00-3:00 p.m. Grand Rounds. Stearns 


ormum, New 


*1:30 p.m. Fertility "England Centr. Ho Free Hospital for Women, 


*4:00-10:00 p.m By . Washingtonian 
Hospital. 41 Morton Street, 
*7:30-9:30 p.m. Institute. Dermatology. Drs. 
Cati . Holyoke Soldiers’ Home, Holyoke. 
Novem 26 


BER 
00-8:45 a.m. Case Presentati Joslin Clinic. Joslin Auditorium, 
New England Deaconess Hospits 
*8:00-9:00 a.m. Conference. Dr. Benjamin Etsten. 


:30-10:00 a. Orthopedic Staff Boston wy 
“8: 30-10-00 a.m. Surgical Grand Rounds. 
J. and staff. Fir (Tait) Surial Service, 
New y Dowling Building, Boston City Hos- 


a.m. Lecture on Diabetes for A. 
a Member of “Clinic. Joslin Auditorium 


Damesiek. Prat ( 
ic 


and Anesthesia Staff 


Joslin Clinic. Joslin 


*11:00 a.m.-12:30 Staff Conference Psychiatry. 
*12:00 m.-1:00 Medical-Pathological Conference. Stearns 
#12: New Enaland hological Main 
. Bent Brigham 
*1:00 p.m. Alcoholism Clinic. Bent Hospital. 
*4:00 p.m Conference 
srael Hospital. 
“4:00-5:30 Anesthesiology Conference. Surgical Conference 
Room Peter Bent Brigham Hospital 
Auditorium, Boston University 
School ne East ‘ap 


Hospital. 
Tussoay, Novensen 29 
American 


Medical Association Meeting. Mechanics Build- 
ont. | Avenue, Boston. 
New England Deaconess 
*8:00-9:00 a.m. Medical Conference Room. 
Carney Hospital, 
*9:00 a.m. Geri Clinic Bens i, - 
10: 90-11:15 = Patients 


I 
*12:00 m, liatric Grand Rounds. New Cheever Amphitheater, 
*12:00 m.-1:00 p.m. Pediatric Rounds. Burnham Memorial 
; Children (Burnham 4), Massachusetts General Hos- 
#12: 15 p.m. Bey, Conference. Dr. Merrill Sosman. Main 
nt 

12:30-1:30 p.m. Medical Club. Clinic. (Cafeteria) 

New England y ospital. De 
:00-5:30 p.m. Etsten. Pratt 


(Concluded on page xli) 
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Monbay, NOVEMBER 
*8:00-8:45 a.m. Case Presentations. Joslin Clinic. Joslin Auditorium, 
New England Deaconess Hospital. 
*B.00.2°00 a.m. Medical and Surgical Clinic on Diabetic Problems. 
New England Deaconess Hospital. 
*8:30-9:3 am. Clinic by Entire Staff 
ee Cheever Amphitheater, Dowling Building, Boston City Hos- 
tal. 
10: 50-11-15 a. tr Doctors and Patients by 
a Member Auditorium, New England 
- Ventilation, Dr. Crehan. Joslin Auditorium, New England Dea- 
coness Hospital. 
— wore *7-00-9:-00 p.m. Shde Seminar in Pat Dr. Edward H. Mac- 
Mahon. Stearns Auditorium, New E Center Hospital. 
“8:00 p.m, New England Diabetes Association. in 
Juvenile Diabetics with Progressive Vascular . Dr. - 
rence W. Kinsell. Joslin Auditorium, New England Deaconess 
578, issue of September 29. ey 
Novemsen 28. Alpha Omega Alpha. Notice above. 
Novemser 28. New England Diabetes Association, Notice above. 
Novemser 29-Decemezr 2. American Medical Association Clinical 
Meeting. Mechanics Building, 11! Heetagicn Avenue, Boston. 
Novemeer 29. Boston University School of Medicine Alumni Asso- 


